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S co2pi sSraU^^^^^^^^ P--t an isocyana.e-.active component 

^ reacdve material having a weighTave^e J^^^^^^^^ 7'-^^ --P^-g a firs, isocy'anate- 

O ^^ight average molecular weight of 2.0(»ormore- 2 isSaiate fonS .socyanate-reactive material having a 

^ and an optional chain extending agent. The aXdvTs S^t^Sfv = emnlsifying compound; 

^ % solids, waterbome or solventbome systemf P«ferably p,essure-sens,t,ve adhesives. can be prepared fix,m 100 
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rtiM nf the Invention 
The present invention relates generally to polyurethane-based adhesives. 
systems (e.g., 100-/O soUds. v^erborne, and solventborne) for such ^^^^^^ 

articles therefrom, and methods of thdr preparation. 

Bork ffrnund «f Tnvention 
A«d« variety ofpolyurett>an^a«<l.dh«lvesareknovm. For»an*K«ee 
U S P..e«Number 5.910,536 (Kydorieus et al.). which d.scnT«s aparti»l» We 
ofpol,ure*an=.ba,edadhe^ve-apressur.sensitivepo.ytureU,=n^n«*>c.y«^^^ 
ba«d.dhe^. Theadhesives*ereinarepreparedfromlOO%solidsC«., 

essentially solwnt-ftee and water-free) systems. 

in Wdition to 100% soUds systems, it is loiown to produce polyurethane. 

tased adhesives in both solve„«»n.« (i e.. those using mostly orgaric solvents as a 
soivating medium) and watertome O-e.. those using mostly water as a dispersmg 
„«dium) syst^ns. These adhesive systems are appUed to a substrate n. the fonn of a 
solurton or dispersion, respectively. Gene^lly, whether the adhesive syst^^ts 
solventbome or waterbome. H must be coated o«o a desired substrate and W to 
remove solvating or dispersing medium O-e.. organic soh^t or water. respeCvely) 
in order to form an adhesive coating. 

Reactive polyurethane-based adhesive systems have been described m the 
Uter..^ but coatable mixtures prepared »om such sysUms generaUyMve a limited 
. useB-llife. BxamplesofreactivepolyurethaneW adhesive s^sj^^^^^^^ 
described inU.S. PatentKumbers 3.246,049 (Webber); 3.437.622 (Dahl). 3.71^7,2 
Cn^haus); 3.S79.248 (Kest); 3.925.233 (Dahl); 4.0S7.392 <P— ' 
Lw^e. a); 5.486.570 (St. Oair); 5.591.820 (Kydomcus); and 5.714.543 (Shah). 
Further descriptions include those in OB 1.113.925 (WeUer); OB 1.216.672 
30 (Gri«dley);andPCTPubUcationNumberW097/22.642(Chang). 
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m reactive systems, typicaUy nuiltiple parts must be mixed to form a coatable 
reactmgmbrture. The reacting mixture must then be coated onto a substrate within a 
short period of time. If the reacting mfacture is not coated within a short period of 
tone, the viscosity of the composition wiU become too high, rendering the 
^ composition uncoatable. Thus, storag^stable, coatable adhesive systems are not 
obtainable when the adhesive system is a reactive system. 

In addition to not being storage-stable, there are other disadvantages 
associated with reactive systems. Typically the parts of a reactive polyurethane- 
based adhesive system include an isocyanate^ontaining part Ci.e., an isocyanate- 
termmated polyurethane prepolymer) and a chain extending part. Due to tiie 
presence of isocyanate-functipnal groups on the polyurethane prepolymer, storage of 
that part must be carefully controUed so that moisture does not react with tiie 
isocyanate-functional groups, rendering the composition non-reactive and thus 
unusable. Sensitivity to moisture can also lead to variations in properties of the'se 
coated adhesives due to, for example, local variations in ambient temperature and 
humidity when ti,e adhesive is coated. Furthermore, special handling procedu^s may 
be required for the multi-part system, especially by those that are sensitive to 
isocyanate chemicals. 

Thus, essentially non-reactive systems are preferable overreactive systems 
from at least a storage stability standpoint and ease of use standpoint Premixing of 

components and special storage considerations for the components are not required 
in non-reactive systems. 

\yhen using a non-reactive, solventbome or waterbome system, to form an 
adhesive coating on a substrate, one merely applies the composition, which contains a 
fUUy reacted polymer in the form of a solution or dispersion, to the substrate and then 
dnes the solvating or dispersing medium to fonn the adhesive coating. However 
such non-reactive systems may require tiie addition of extenial emulsifiers or cationic 
stabtotion agents to maintain stabiHty of the solution or dispersion prior to coating 
to form the adhesive. 
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Many polyurethane-based and polyurethane-urea-based dispersions are 
known in the Uterature. For example, see U.S. Patent Numbers 5,037.864 (Anand et 
al)- 5 354 807 (Dochniak); 5,354,808 (Onwumere et al.); 5,554,686 (Fris(*. Jr. et 
al )• 5 608,000 (Duan); 5,807,919 (Duan); and 5,863.980 (Choi et al.) as weU as JP- 
07.'l02 233 (Sekisui Chemical). Most of the Uterature references, however, do not 
describe how to prepay pressure-sensitive adhesive CPSA)s from the dispersions. 

PSA compositions are a unique subset of adhesives weU known to those of 

ordinaiyskillinthearttopossesspropertiesincludingthefollowing: (1) aggressive 

and permanent tack, (2) adherence with no more, than finger pressure, (3) sufficient 

ability to hold onto an adherend. and (4) sufficient cohesive strength to be removed 
cleanly from the adherend. Materials that have been found to fimctionweU as PSAs 

are polymers designed and formulated to exMbit the recpxisite viscoelastic p^^^^^ 
resulting in a desired balance of tack, peel adhesion, and shear holding power. 

U S Patent No. 5.910.536 (Kydonieus et al), described supra, descnbes how 
a "suitable balance of elastic and viscous properties which is required in pressure- 

sensitive adhesives has not been readily attainable in conventional polyurethane 
materials." Although Kydonieus et al. did not teach polyurethane-based PSA 
dispersions, they were able to obtain polyurethane-based PSAs from a 100% solids 
system Yet, in order to obtain the balance of properties requisite to PSAs, the 
polyurethane-based PSAs described therein were poly[urethane-(meth)acrylate]. 
based, containing both urethane and acrylate linkages intheir polymeric backbone. 

However, as recognized by Kydonieus et al.. disadvantages with these types of 
polymers include the fact that acryUc-based adhesives are not as strong as 

polyurethane-based adhesives. Furthermore, acrylic-based adhesives, such as those 
described by Kydonieus et al.. are generaUy more irritating to human skin than 
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polyurethane-based adhesives. 

Certain few references do describe preparation of PSAs from polyurethane- 
based dispersions. ForeKample,PCTPubUcationNumberWO98/31,760(Dow 
Chemical Company) describes a polyurethane PSA-forming latex composition 
comprising a polyurethane PSA-forming material, wherein a polyurethane PSA is 
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obauned by dehydrating ttePSA-femingtatexcompositioa The process for 

P«pa™gthepo^^,e.hanePSAi„dudesem„lsi^gapoIyuretha„eprepolym.rm 
water, ehemicany reacting ae prepolymer to react substamidly an u««cW 
anctiond groups. «rf dd^drating the aqueous diq«rsio«. The polyurethane 

5 <«f"'>™'»fi>™>«ift»mre«:t««smdudii«polyisocya.^ 

compou«ls.such.,polyols. » b stated that polyols can be e„,ployed individually or 
mn»xtu™asdi-,oracombinationti,ereoepolyoxyaIkylenepolyoIs. Suitable active 
hydrogen compounds are polyob having a molecular weight less than 6 000 

Also see U.S. Paten. Number 3,796.678 (Bartizal), where highly branched 
. '=-PP«'Poly»retha„edispe,^onsforp«paringPSAsa.edescribed. It is stated ti« a. 
least about 20 weigh. perce« pendant chains extend flom the polyurethane and 

polyurethamsurea polymer, therein. The polymers aro formed in and disper^ in an 
aqueous medium. 

Still lurther polyurettane-based ohemistties for preparing adhesives are 
desirable. I. would be particularly desirable ,o provide polyurethane-based PSAs that 
«m be tailored to have a wide range of peel adhesion and shear stre,^ p^p^^es. 

Summary of the TiivAnH«« 
Polyurethane-based adhesives of the invention comprise the reaction 
product oe an is«=ya„ate-reactive component comprising at least two isocyanate- 
.eactivematerials, the a. leas, two isocyanate-reactive materials comprising a Brst 
■socyanatereactive ma.erial having a weigh, average molecular weigh, of less than 
2.000 and a second isocyana.^reactive material having a weight average molecular 
we«,ht of 2.000 or more; an isocyanate-foncional component; an optional reactive 
emuls^rmg compound; and an optional chain extending agent. Tie adhesives can be 
prepared from 100% solids, waterbome or solventbome systems. For example ti,e 

adhesives can be prepared from poly(urethane-urea)dispe,rfons. Preferably tte 
adhesives are pressure-sensitive adhesives (PSAs). 

As an example, a pol,ure*ane^«sed PSA dispersion of Uk invention 
comprise, the reaction product o£ an isocyanate-reactive component comprising at 
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least two isocyanate-reactive materials, the at least two isocyanate-reactive materials 
comprising a first isocyanate-reactive material having a weight average molecular 
wdght of less than 2.000 and a second isoQranate-reactive material having a wei^t 
average molecular weight of 2.000 or more; an isocyanate-fimctional component; an 
optional reactive emulsifying compound; and an optional chain extending agent, 
wherein the reaction product is dispersed in a dispersing medium. A polyurethane- 
based PSA solution of the invention comprises tiie reaction product of: an 
isocyanate-reactive component comprising at least two isocyanate-reactive materials, 
the at least two iso^ranate-reactive materials comprising: a first isocyanate-reactive 
material having a weight average molecular weight of less tiian 2.000 and a second 
isocyanate-reactive material having a weight average molecular wdght of 2,000 or 
more- an isocyanate-fianctional component; an optional reactive emulsifying 
compound; and an optional chain extending agent, wherein the reaction product is 
solvated in a solvating medium. 

In one embodiment, the isocyanate-reactive component comprises at least 
one polyol (e.g.. a polyoxyalkylene polyol). For example, according to one aspect of 
this embodiment, tiie first isocyanate-reactive material comprises a polyol and the 
second isocyanate-reactive material comprises a polyol. Preferably, each of the first 
and second isocyanate-reactive materials are diols. In fi.rtiier embodiments, the 
isocyanate-reactive material component comprises less tiian about 10% by weight, or 

stiU fiirther, less than about 5% by weight, of polyols otiier than diols. 

According to another embodiment of the invention, at least one of the first 

and second isocyanate-reactive materials comprises less than about 8% by weight 
monols. Similarly, in another embodiment ofthe invention, at least one of the first 

and second isocyanate-reactive materials is a polyol having a ratio of polyol 
molecular weight to weight % monol of at least about 800. 

In fiirther embodiments ofthe invention, the first isocyanate-reactive 
material has a wdght average molecular weight of less than about 1,800. In yet 
fiarther embodiments, the first isocyanate-reactive material has a weight average 
) molecular weight of less tiian about 1.600. In still fiirther embodiments, the first 



5 



wo 01/62818 



PCT/USOO/18317 



i«>cyan«e-re«aive material has a weigh, av«age molecular weight of less ftaa about 
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Sinularly. in fiuther embodiments Of the invention, the second 
reactive material has a wdght average molecular weight of grt^ater than about 2 500 
5 m yet further embodiments, the second isocyanate-reactive material has a weight 
average molecular weight of greater than about 3,000. m stiU further embodiments 
the second isocyanate-reactive material has a weight average molecular weight of ' 
greater than about 3.500. In even further embodiments, the second isocyanate- 
reactive material has a weight average molecular weight of greater than about 6 000 
10 When viewed from a different angle, in a further embodiment of the 

invention, the weight average molecular weights of the first and second isocyanate- 
reactive materials differ by at least about 500. In yet a finther embodiment, the 

weight average molecular; weights of the first and second isocyanate-reactive 
materials differ by at least about 1,000. In still further embodiments, the weight 
5 average molecular weights of the first and second isocyanate-reactive materials difier 
by at least about 1,500. In even fiarther embodiments, the weight average molecular 
weights of the first and second isocyanate-reactive materials differ by at least about 
2,000, or even further by at least about 2,500. 

One example of a polyurethane-based adhesive of the invention comprises. 
) the reaction product of: an isocyanate-reactive component comprising at least two 
isocyanate-reactive materials, the at least two isocyanate-reactive materials 
comprising a first isocyanate-reactive material having a weight average molecular 
weight of greater than 400 to less than 2,000 and a second isocyanate-reactive 
matenal having a weight average molecular weight of 2,000 or more; an isocyanate- 
fimctional component; an optional reactive emulsifying compound; and an optional 
chain extending agent. 

In one embodiment, the second isocyanate-reactive material comprises a 
majonly of the isocyanate-reactive material component based on total weight of the 
.socyanate-reactive mated.1 component. For example, in one embodiment, the to 
.socyanate-reactive material comprises about 1 to about 40 percent by weight of the 
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isocyana.e.re«=Sve«.««i.lcon.pone««Kia»»co.di«KJ«^^ 
comprises about 60 «,*o».99pe«»«bywdgh.»fa»isocy«»U.Teacdv.n»«™^ 

componen.. In ye. anofter «nbodim».. *. first isocs™^««=tiv. 
eo.^ *out 5 to about 25 percent by weight of fl» Uocy^ate-^^tiv. 
5 compo,«nta«d«»seco«disocyana.e.reacavematerialco,nprise,*<«t75to.b«ut 

95perceMbyweightoftheisocyanate-reactivematerialcomponent , 

In one enftodiment, the isocyanale-functional component compnses a 
dusocy».te. In one embodiment. a» teacdve emulsi^g compound compnses at 
least about 0.5% by vm^ otthe totd reictants. In another embodiment, the 
,„ polyurethaneWdadhesivestethercomprisesthereacaonprodart 

extending agent. . « . j 

Adhesives (e.g.. PSAS) of the im««lion may be at least part^lly coated on 

asubstrate. Forexample. adhesivesoftheinventionareuseMintape.. Tbetapes 

comprise a bacldng having a first and seco,d side and the adhesive coated on a. least 
,5 ■ .poriio„of«.efirasideoffl.ebacki„gand.optionaUy.onatleastaportionofthe 

second ade of the backing. 

Amethod of preparing the polyurethane-based adhesives of the inventKm 

comprises th^ not necessarily secuenUal. steps of providing an isocyanate-reacve 
component comprising at least two isocyanatc-reactive materials, a firs, isocyanate- 
^e material having a weigh, average mole«.lar weigh, of less ,han 2.000 and a 
second isocy«««-.eactive material having a weigh. av«age molecular weigh, of 
2 000 or more; providingan isocyanate-fi.nctional component; optionally provdmg a 
rlacive emulsi^g compound; aUowing fte isocyanate-reacdve compommt the . 
isocyanate-ft-nctionalcomponem. and the optional reacdve ^nulsiering compound .0 

react to form a polyurethane prepolymer. and chain extending the polyurethan. 
prepolymer. According ,ofi.r.her embodiment, fte method can finther comprise Ae 
stepofdispersingthepolyurchaneprepolymerinadispersingmedium. InsnU 
fimher embodiments, the method can firther comprise the s.ep of d,ymg ft. 
dispersi,* medmm .o ferm a coating of fte polyure.hane-based adheswe. 
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Detailed Description of th e Prefarrgd Kmbodimgnf c 
Adhesives of the invention are polyurethane-based. In one preferred 
embodiment, the polyurethane-based adhesives are pressure-sensitive adhesives 
(PSAs). 

5 ^'or simplicity, the term "polyurethane" as used herein includes polymers 

containing urethane (also known as carbamate) linkages, urea linkages, or 
combinations thereof Ci.e., in the case of poly(urethane-urea)s). Thus, polyurethane- 
based adhesives of the invention contain at least urethane linkages and, optionally, 
urea linkages. Furthermore, adhesives of the invention are based on polymers whlre 

10 the backbone has at least 80% urethane and/or urea repeat linkages formed during 
the polymerization process, such as the polymerization processes described below. 
That is, the polyurethane-based polymers are formed from prepolymers that are 
preferably terminated by isocyanate groups. Then, fUrther reactants used to form the 
adhesives from the prepolymers are selected such that no more than about 20%, 
15 preferably no more than about 10%, more preferably no more than about 5%, aiid 
preferably none of the repeat Knkages between polymeric segments formed in' the 
polymeric backbone during polymerization are other than urethane and urea linkages. 

Adhesives of the invention are preferably prepared from systems that are 
essentially non-reactive. Furthermore, polyurethane-based adhesive systems of the 
20 invention are preferably storage-stable. "Storage-stable" adhesive systems are those 
compositions that can be coated on a substrate to form a continuous film at any time 
after the composition is formed up until the shelf Ufe of the material has expired. 
Preferably, the shelf life of the material is at least three days, more preferably at least 
about one month, even more preferably at least about sk months, and most 
25 preferably at least about one year. 

Adhesives of the present invention may be derived from 100% solids, 
solventbome or waterbome systems. Environmental and regulatory demandl are 
prompting manufacturers of adhesives to move more rapidly from solventbome 
systems to waterbome systems. As compared to organic solvents, water is less costly 
50 and more enviromnental friendly! Furthermore, flammability and combustibility of 
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wateibome systems is reduced as compared to solvenlbome systems. Thus, it is 
preferred that polyurethane-based adhesives of the im^ention are derived from 
waterbome systems, using essentially only water as the dispersing medium. 

Dispersions of the invention are prepared by reacting components, including 
5 at least one isocyanate-reactive (e.g., hydroxy-fonctional, such as polyoO component, 
at least one isocyanate-fonctional (e.g., polyisocyanate) component, and, optionally, 
at least one reactive emulsifying compound, to form an isocyanate-terminated 
polyurethaneprepolymer. Hie polyurethane prepolymer is then dispersed, and chain- 
extended, in a dispersing medium to form polyurethane-based dispersions of the 
10 invention. 

Components of polyurethane-based adhesives of the invention are further 
described below, with reference to certain terms understood by Aose in the chemical 
arts as referring to certain hydrocarbon groups. Reference is also made throughout 
the specification to polymeric versions thereof In that case, the prefix W « 
15 inserted in front of the name of the corresponding hydrocarbon group. 

Except where otherwise noted, such hydrocarbon groups, as used herein, may 
include one or more heteroatoms (e.g., oxygen, nitrogen, sulfur, or halogen atoms), 
as weU as fimctional groups (e.g., oxime, ester, carbonate, amide, ether, urethane, 
urea, carbonyl groups, or mixtures thereof). 
20 The term "aHphatic group" means a saturated or unsaturated, linear, 

branched, or cyclic hydrocarbon group. This term is used to encompass alkylene 
(e;g., oxyalkylene), aralkylene, and cycloalkylene groups, for example. 

The term "alkylene group" means a saturated. Unear or branched, diyalent 
hydrocarbon group. Particularly preferred alkylene groups are oxyalkylene groups. 
25 ' The term "oxyalkylene group" means a saturated, linear or branched, divalent 

hydrocarbon group with a terminal oxygen atom. 

The term "aralkylene group" means a saturated, Unear or branched, divalent 
hydrocarbon group containing at least one aromatic group. 

The term "cycloalkylene group" means a saturated, linear or branched, 

30 divalent hydrocarbon group containing at least one cycUc group. 
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The term "oxycycloalkylene group" means a saturated, linear or branched, 
divalent hydrocarbon group containing at least one cyclic group and a terminal 
o^en atom. 

The term "aromatic group" means a mononuclear aromatic hydrocarbon 
group or polynuclear aromatic hydrocaiton group. The terai includes aiylene 
groups. 

The term "aiylene group" means a divalent aromatic group. 

Isocvanat e-Reactive Comp onent 

Any suitable isocyanate-reactive component can be used in the present 
invention. The isocyanate-reactive component contains at least one isocyanate- 
reactive material or mbrtures thereof. As understood by one of ordmary skill in the 
art, an isocyanate-reactive material includes at least one active hydrogen. Those of 
ordinary skiU in the pblyurethane chemistry art wiU understand that a wide variety of 
materials are suitable for this component. For example, amines, thiols, and polyols 
are isocyanate-reactive materials. 

However, it is preferred that the isocyanate-reactive material be a hydroxy- 
fiinctional material. Polyols are the preferred hydroxy-functional material used in the 
present invention. Polyols of the invention can be of any molecular weight, including 
relatively low molecular weight polyols (i.e., havmg a weig^it average molecular 
weight of less than about 250) commonly referred to as "chain extenders" or "chain 
extending agents," as well as those polyols having higher molecular weights. Polyols 
provide urethane linkages when reacted with an isocyanate-fimctional component, 
such as a polyisocyanate. 

Polyols, as opposed to monols, have at least two hydroxy-functional groups. 
GeneraUy and preferably, diols are used in the present invention. Diols contribute to 
formation of relatively high molecular weight polymers without requiring 
crosslinking, such as is conventionaUy introduced by polyols having greater than two 
hydroxy-functional groups. Adhesives prepared from such diols generaUy have 
increased shear strength, peel adhesion, and/or a balance thereof, to provide PSA 
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properties that may be desired for certain appUcations. In contrast, poty^^ 

a relatively large amount of crosslinking may not be suitable for many PSA 
apptications and/or materials therefrom may not be readily processable. 

Examples of polyols useful in the present invention include, but are not 
5 limited to, polyester polyols (e.g., lactone polyols) and the alkylene oxide (e.g., 
ethylene oxide; 1.2-epoxypropane; l,2.epoxybutane; 2.3.epoxybutane; isobutylene 
oxide; and epicWorohydrin) adducts thereof; polyether polyols (e.g.. polyoxyalkylene 
polyols. such as polypropylene oxide polyols. polyethylene oxide polyols. 
polypropylene oxide polyethylene oxide copolymer polyols. and 
10 polyoxytetramethylene polyols; polyoxycycloalkylene polyols; polythioethers; and 
alkylene oxide adducts thereof), polyalkylene polyols. mixtures thereof and 
copolymers therefrom. Polyoxyalkylene polyols are preferred. 

When copolymers are used, chemically simUar repeating units may be 
randomly distributed throughout the copolymer or in the form of blocks in the 
15 copolymer. Similarly, chemically similar repeating units may be arranged in any 
suitable order within the copolymer. For example, oxyalkylene repeating units may 
be internal or terminal units within a copolymer. The oxyalkylene repeating umts 
may be randomly distributed or in the form of blocks within a Copolymer. One 
preferred example of a copolymer containing oxyalkylene repeating unit 

20 polyoxyalkylene-capped polyoxyall^lene polyol (e.g., a polyoxyethylene-capped 

polyoxypropylene). 

Certain applications will benefit from using adhesives having fewer residuals 
(i.e., reactive components, such as monomers, that remain um-eacted inthe reaction 
product) than conventional adhesives. Such appUcations include, for example, 

electronics appUcations and medical applications. The presence of residuals in 
adhesives used for these applications may be problematic. For example, the presence 
of residuals ih adhesives used for electronics appUcations may contaminate other 
components inthe electronic component, for example, by acting as a plasticizer. 
Plasticization of magnetic media in a hard disk drive could resuh in a shortened use&l 
life for the hard disk drive. The presence of residuals in adhesives used for medical 
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appKcations may cause irritation, sensitization, or skin trauma if the residuals migrate 
from the adhesive to the surface in contact with skin, for example. This problem was 
recognized by Kydonieus et al., in U.S. Patent No. 5,910.536, as bdng associated 
with aciylate-based adhesives. It is also foreseeable that adhesives having fewer 
5 residuals wiU be advantageous for use in appKcations having contact with, for 
example, food or other products for human cJonsumption. 

When higher molecular weight polyols O-e., polyols having weight average 
molecular weights of at least about 2:000) are used, it is preferred that the polyol 
component be "highly pure" (i.e., the polyol approaches its theoretical functionality - 
10 e.g.. 2.0 for diols, 3.0 for triols, etc.). These highly pure polyols preferably have a 
ratio of polyol molecular weight to weight % monol of at least about 800. preferably 
at least about 1,000, and more preferably at least about 1,500. For example, a 
12.000 molecular weight polyol with 8 weight % monol has such a ratio of 1 500 
(i.e., 12,000/8 = 1,500). Preferably, the highly pure polyol contains about S% by 
15 weight monol or less. 

Generally, as the molecular weight of the polyol increases in this preferred 
embodiment, a higher proportion of monol may be present in the polyol. For 
example, polyols having molecular weights of about 3,000 or less preferably contain 
less than about 1% by weight of monols. Polyols haviiig molecular weights of 
to greater than about 3,000 to about 4,000 preferably contain less than about 3»/a by 
weight of moools. Polyols having molecular weights of greater than about 4.000 to 
about 8.000 preferably contam less than about S^/o by weight of monols. Polyols 
having molecular weights of greater than about 8,000 to about 12,000 preferably 
contain less than about 8% by weight of monols. 
5 Examples of highly pure polyols include those available from Lyondell 

Chemical Company of Houston. Texas, under the trade designation. ACCLABd. and 
certain of those under the trade designation, ARCOL. To determine whether these 
preferred highly pure polyols were used in preparing adhesives of the invention 
Nuclear Magnetic Resonance (NMR) or other suitable analytical methods can be 
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Other benefits derived from using highly pure polyols include the abiUty to 
form relatively high molecuhir weight polymers without requiring crosslinking. such 
as is conventionally introduced into polymers by polyols having greater than two 
hydroxy-functional groups. For example, when conventional diols (e.g.. those diols 
having greater than about 10% by weight or greater of monols) are used to prepare 
polyurethanes, higher functional polyols (e.g., triols) are also typically used in an 
attempt to balance the stoichiometric ratio of isocyanate-reactive (e.g., hydroxy- 
ftmctional) groups to isocyanate-functional groups in the reaction mixture. It is the 
higher-functional polyols Ci.e., those having more than two hydroxy-fimctional 
groups) that predominantly contribute to crosslinking of the polymer. 

In general, preferred diols useful in the present invention can be represented 

by Formula I: 

HO— R— OH 
0) 

; wherein R represents an aliphatic group, aromatic group, mixtures thereof polymers 

thereof or copolymers thereof. Preferably R is a polyalkykne group, 

polyoxyalkylene group, or mixtures thereof 

Although polyols containing more than two hydroxy-functional groups are 

general^ less preferred than diols, certain higher functional polyols may also be used 
0 in the present invention. These higher fimctional polyols may be used alone, or in 

combination with other isocyanate-reactive materials, for the isocyanate-reactive 

component. 

In one aspect of this.embodiment, these higher functional polyols are 
converted to diols prior to their use in the isocyartate-reactive component. After 

15 conversion, the reaction products are considered diols accordmg to the present 

invention. For example, one preferred class of higher functional polyols that can be 
used in the present invention includes polyoxyalkylene triols, which can be reacted 
with a carboxyUc acid cyclic anhydride or a sulfocarboxylic acid cyclic anhydride to 
reduce the functionality thereof The polyoxyalkylene triol is preferably 

30 polyoxypropylene or, more preferably, a polyoxypropylene polyoxyethylene 
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copolymer. The cycKc carboxylic anhydride is preferably selected from anhydrides 
such as succinic; glutaric; cydohexanedicarboxyUc; methylsuccinic; hexahydro-4- 
methylphthaKc; phthaUc; l,2.4-ben2enetricarboxylic; maleic; fiimaric; itaconic; 
3,4.5,6-tetrahydrophthaIic; l-dodecen-l-yl succinic; cis-aconitic; and mixture! 
5 thereof. The sulfocarboxyUc cycKc anhydride is preferably 2.sulfobenzoic acid cycUc 
anhydride. 

When the triol molecular weight used to prepare such reaction products is 
relatively low (ie.. having a weight average molecular weight of less than 3.000), the 
ester-add reaction products are preferably used in combination with another 

10 isocyanate-reactive material. The use of such lower molecular weight triols in 

combination with another isocyanate-reactive material may even obviate the need for 
the reactive emulsifying compound, which is described below, when preparing 
polyurethane-based dispersions of the invention. When the triols have a molecular 
weight of 3.000 or greater, preferably 4.500 or greater, the ester-add reaction 

15 product is generally suitable for use without other isocyanate-reactive materials and 
may also obviate the need for the later described reactive emulsifymg compound 
when preparing polyurethane-based dispersions of the invention. 

For broader formulation latitude, at least two isocyanate-reactive materials 
such as polyols, may be used for the isocyanate-reactive component It has been ' 
20 found that using at least one material having a relatively low weight average 

molecular weight in combination with at least one material having a relatively high 
weight average molecular weight results in PSAs having significantly greater shear 
strength (i.e.. holding power), but comparable, or still adequate, peel adhesion, as 
compared to those PSAs derived from isocyanate-reactive components contaimng a 
25 single isocyanate-reactive material. Thus, this aspect of the present invention 
provides PSAs that can be used in applications where higher holding power is 
desired, but ease of removability from the adherend is also desired. However the 
ratio and types of materials in the isocyanate-reactive component mixture can be 
adjusted to obtain a wide range of shear strengths and peel adhesions in PSAs 
30 prepared therefrom. 
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The use of a mixture Of materials for the isocyanate-reac^ 
aUows for improved cost^ectiveness. where desired. For example, more expensive 
isocyanate-reactive materials may be mixed with less expensive isocyanate-reactive 
materials for the isocyanate-reactive component. This may be the case, for example, 
5 when highly pure relatively high molecular weight polyols are mixed with relatively 
high molecular weight polyols that are less pure or with lower molecular wdght 

polyols. 

Preferably, the mixture of isocyanate-reactive materials for the isocyanate- 
reactive component includes at least two diols, most preferably all polyols in the 
10 mkture are diols. As stated above, diols are preferred over other polyols due to their 
tendency to contribute to higher molecular. weight polymers without crosslinking. 
Thus, if present, it is pr^erred that polyols other than diols comprise less than about 
10% by weight, more preferably less than about 5% by weight, of the polyol 
component. 

15 When using a combination pfa relatively low weight avwage molecular 

weight polyol and a relatively high weight average molecular weight polyol, it is 
preferred that the weight average molecular weights of the two polyols differ by at 
least about 500, more preferably at least about 1,000, even more preferably at least 
about 1.500, even more preferably at least about 2,000, and most preferably at least 
20 about 2.500. For purposes of this patent, relatively low weight average molecular 
weight polyols are those having a weight average molecular weight of less than 
2,000. Similarly, relativelyhighweightaveragemolecularweightpolyolsarethose 
having a weight average molecular weight of 2,000 or more. 

Preferably, the relatively low weight average molecular weight polypi has a 
25 weight average molecular weight of less than about 1.800. more preferably less than 
about 1,600, and most preferably less than about 1,000. 

Preferably, the relatively high weight average molecular weight polyol has a 
weight average molecular weight of greater than about 2.500, more preferably 
greater than about 3,000, and most preferably greater than about 3,500. In one 
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embodiment of the invention, the relatively high weight average molecular weight 
polyol has a weight average molecular weight of greater than about 6,000. 

The proportion of the two polyols in such a combination can vary widely. 
Preferably, however, a majority of tiie polyol component comprises a rdatively high 
molecular weight polyol. For example, in one embodiment, the relatively low 
molecular Weight polyol comprises about 1 to about 40 percent by weight of the 
polyol component. In a furtiier embodiment, the relatively low molecular weight 
polyol comprises about 5 to about 25 p«^cent by weight of the polyol component. 
Similarly, in one embodiment, the relatively high molecular weight polyol comprises 
about 60 to about 99 percent by weight of the polyol component. In a furtiier 
embodiment, the relatively high molecular weight polyol comprises about 75 to about 
95 percent by weight of tiie polyol component. 

Isocvanate-Functiona l Compon^ n| 

The isocyanate-reactive component is reacted with an isocyanate-functional 

component during formation of the polyuretiiane-based adhesives of the invention. 

The isocyanate-functional component may contain one isocyanate-functional material . 

or mbctures thereof Polyisocyanates, including derivatives thereof (e.g., ureas, 

biurets, allophanates, dimers and trimers of polyisocyanates. and mbrtures tiiereof), 
(hereinafter eoUectively referred to as "polyisocyanates") are the preferred 
isocyanate-functional materials for the isocyanate-functional component. 
Polyisocyanates have at least two isocyanate-functional groups and provide urethane 
linkages when reacted witii the preferred hydroxy-functional isocyanate-reactive 
components. 

GeneraMy, diisocyanates are the preferred polyisocyanates. Particularly 
preferred diisoQ.anates useful in the present invention can be generally represented by 
Formula II: 

OCN— Z— NCO 

(n) 
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wherein Z represents any suitable polyvalent radical, which may be, for example, 
polymeric or oUgomeric: For e«»mple..Z canbe based on arylene (e.g., ph«iylene), 
aralkylene, alkylene, cycloalkylene. polysUoxane (e.g., polydimethyl «loxane), or 
polyoxyalkylene (e.g., polyoxyethylene, polyoxypropylene. and 
polyoxytetramethylene) segments and matures thereof. Preferably Z has about 1 to 
about 20 carbon atoms, and more preferably about 6 to about 20 carbon atoms. 

For example, Z can be selected from 2.6.tolylene; 2,4-tolylene; 4,4'- 
methylenediphenylene; 3.3'.dimethoxy-4.4'-biphenylene; tetramethyl-m-xylylene; 
4 4'.methylenedicycloheKylene; 3.5.5-trimethyl-3-methylenecydohexylene; 
iVhexamethylene; l,4.cycloheKylene; 2,2,4.trimethylhexylene; or polymenc or 
oUgomeric alkylene, aralkylene, or oxyalkylene radicals and matures thereof. When 
Z is a polymeric or oligomeric material it may include, for example, urethane 
Unkages. 

The type of polyisocyanate used for the isocyanate-fimctional matenal may 
affect the properties of the adhesive. For example, when symmetrical 
polyisocyanates are used, an increase in shear strength may be observed, as compared 
to using the same amount of a nonsymmetrical polyisocyanate. 

However, any dusocyanate that can react with the isocyanate-reactive 
material can be used in th^ present invention. Examples of such diisocyanates 

, include, but are not limited to, aromatic diisocyanates (e.g., 2,6-tolyene diisocyanate; 
2,5-tolyene diisocyanate; 

2 4-tolyene diisocyanate; w-phenylene diisocyanate; 

5.chloro-2,4-tolyene dusocyanate; and l.chloromethyl-2,4.diisocyanato benzene), 
aromatic-aliphatic dusocyanates(e.g..»i-xylylene diisocyanate and 

5 tetramethyl-m-xylylene diisocyanate), aliphatic diisocyanates 

(e.g., 1.4-diisocyanatobutane; 1,6-diisocyanatohexane; l,12.diisocyanatododecane; 
and i-methyl-1.5-diisocyanatopentane). and cycloaUphatic diisocyanates 
(e.g.,methylenedicyclohexylene-4.4*.diisocyanate; 
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3-isocyanatomethyl.3,5,5-trimethylcyclohexyl isocyanate (isophorone dusocyanate); 
2.2,4-trimethylhexyl dusocyanate; and cyclohexylene-l,4.dusocyanate), and other ' 
compounds terminated by two isocyanate-fonctional groups (e.g., the diurethane of 
tolyene-2,4-diisocyanate.tenninated polypropylene oxide polyol). 
Particularly preferred diisocyanates include: 2.6.tolyene diisocyanate; 2,4-tolyene 
diisocyanate; tetramethyl-m-xylylene diisocyanate; methylenedicyclohexylene^,4'- 
diisocyanate; 3-isocyanatomethyI-3,5.5.trimethylcyclohexyl isocyanate (isophorone 
diisocyanate); 1.6^iisocyanatohexane; 2,2,4-trimethylhexyl diisocyanate; 
cycIohexylene-l,4-diisocyanate; methylenedicyclohexylene-4,4'-dusocyanate; and 
mixtures thereof. More particularly preferred are 

2,6-tolyene diisocyanate; 2.4-tolyene diisocyanate; tetramethyl-w-xylylene 
dusocyanate; 3-isocyanatomethyl-3,S,5-trimethylcyclohexyl isocyanate isophorone 
diisocyanate); methyIenedicycIohexyIene.4.4'.diisocyanate; and mixtures thereof 
Although not as preferred as diisocyanates, other polyisocyanates may be 
used, for example, in combination with diisocyanates, for the polyisocyanate 
component. For example, triisocyariates may be used. Triisocyanates include, but 
are not limited to, polyfunctional isocyanates, such as those produced from biurets 
isocyanurates. adducts, and the like. Some commerciaUy available polyisocyanates' 
include portions of the DESMODUR and MONDUR series from Bayer Corporation; 
Pittsburgh, Pennsylvania, and the PAPI series from Dow Plastics, a business group of 
the Dow Chemical Company; Midland, Michigan. Preferred triisocyanates include 
those avaUable from Bayer Corporation under the trade designations DESMODUR 
N-3300 and MONDUR 489. 



25 Reactive F mulsify inp; rnmp^..^^ 

When preparing polyurethane-based dispersions of the invention, the 
isocyanate-reactive and isocyanate-fiinctional components may optionally be reacted 
with at least one reactive emulsifying compound according to one embodiment of the 
invention. The reactive emulsifying. compound contains at least one anionic- 
fimctional group, catiomc-functional group, group that is capable of forming an 
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aiuonic-functional group or cationic-fanctional group, or inixtures thereof This 
. compound acts as an internal emulsifier because it contains at least one ionizable 
group. Thus,theseconipoundswiUhereinafterbereferredtoas"reactive 

emulsifying compounds." 

5 Reactive emulsifying compounds are capable of reacting with at least one of 

the isocyanate-reactive and isocyanate-fonctional components to become 
incorporated into the polyurethane prepolymers. Thus, the reactive emulsifying 
compound contains at least one, preferably at least two, isocyanate- or active 
hydrogen-reactive (e.g.. hydroxy-reactive) groups. Isocyanate- and hydroxy-reactive 

10 groups include, for example, isocyanate. hydroxyl, hiercapto. and amine groups. 

Preferably, the reactive emulsifying compound contains at least one anionic- 
fimctional group or group that is capable of forming such a group C-e.. an anion- 
forming group) when reacted with the isocyanate-reactive (e.g., polyol) and 

isocyanate-functional (e.g.. polyisocyanate) components. The anionic-fiinctional or 
15 anion-forming groups of the reactive emulsifying compound can be any suitable 
groups that contribute to ionization of the reactive emulsifying compound. For 

example, suitable groups include carboxylate, sulfate, sulfonate, phosphate, and 

similar groups. 

The incorporation of a reactive emulsifying compound in the polyurethane 
20 prepolymer increases water dispersibUity of the polyurethane prepolymer. Thus, 

dispersions prepared from such polyurethane prepolymers have improved dispersion 
stabihty as compared to many conventional dispersions. Furthermore, such 

dispersions may not require external emulsifiers. such as surfectants, for stabiKty. 
Preferably, a sufficient amount of reactive emulsifying compound is reacted 

25 such that an external emulsifier is not necessary for preparing a storage-stable 

dispersion. When a sufficient amount ofthe reactive emulsifying compound is used, 
the polyurethane prepolymers derived therefrom are also able to be dispersed mto 
finer particles using less shear force than what has previously been possible with 
many conventional, dispersions. A sufficient amount is generally such that the 

30 resulting polyurethane-based polymer comprises about 0.5 to about 5 weight percent, 
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more preferably about 0.75 to about 3 weight percent, of segments derived from the 
reactive emulsifying compound. Below this amount, polyurethanes produced 
therefrom may be difficult to disperse, and dispei^ons produced therefrom may be 
unstable (i.e., subject to de-emulsification and/or coagulation at temperatures above 
room temperature, or at temperatures greater than about 20«' C). However, ifpolyols 
containing polyethylene oxide are used, the amount of reactive emulsifying ' 
compound used in this preferred embodiment may be less to form a stable dispersion. 
On the other hand, employing more reactive emulsifying compound in the reaction 
may produce an unstable dispersion or a resulting adhesive that is too sensitive to 
moisture (i.e., such that physical properties of the adhesive are affected to the degree 
that they are no longer consistently useful for then- desired application). 

The preferred structure for reactive emulsifying compounds of the invention is 
generally represented by Fonnula ni: 



R 

HO— X—i— Y—OH 



m 

wherem Q is a negatively charged moiety selected from COO" and SOi, or a group 
that is capable of forming such a negatively charge moiety upon ionization. Each of 
5^ Y, R, and R* may be the same or different. X, Y, R, and R^ are mdependently 
selected from aliphatic organic radicals free of reactive functional groups (e.g., 
alkylene groups that are free of reactive functional groups), preferably having from 
about I to about 20 carbon atoms, and combinations thereof with the provisos that: 
(i.) R can be hydrogen; and (ii.) R» is not required if Q is COO". 

As an example, dimethylolpropionic acid (DMPA) is a useful reactive 
emulsifying compound for this embodiment of the invention. Furthermore, 2,2- 
dimethylolbutyric acid, dihydroxymaleic acid, and sulfopolyester diol are oihJr useful 
reactive emulsifying compounds. Those of ordinary skill in the art wiU recognize that 
a wide variety of reactive emulsifying compounds are useful in the present invention. 
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Pnlyurethane -Tt^gftH PolviP*^ Prtspar ation 

In general, the isocyanate-reactive and isocyanate-fimctional components, 
along with the optional reactive emulsifying compound, are allowed to react, forming 
an isocyanate-terminated polyurethane prepolymer Ci.e.. a polymer having a wdgte 

5 average molecular weight of less than about 50.000). In general, the isocyanate- 
fonctional group to isocyanate-reactive group ratio of the reactants is preferably 
about 1.1 to about 2.5, most typically about 1.5. If the isocyanate-fimctional group 
to isocyanate-reactive group ratio is lower than in this preferred range, prepolymer 
viscosity may be too high to be usefiil for forming dispersions according to one 
10 aspect of thfe invention. 

The isocyanate-terminated polyurethane prepolymer is then chain extended 
with a chain extending agent (e.g., water Cmcluding ambient moisture), a polyamine. 
a relatively low molecular weight polyol (i.e.. a polyol having a weight average 
molecular weight of less than about 250) and combinations thereof) to increase its 
15 molecular weight. When preparing the polymer in a lOOO/o soUds system, to chain 
extend the polyurethane prepolymer, generaUy the polyurethane prepolymer is first 

heated to decrease its viscosity. 

When preparing the polymer in a waterbome or solventbome system, to chain 
extend the isocyanate-terminated polyurethane prepolymer. generally the 
polyurethane prepolymer is first introduced into a dispersing or solvating medium 
(e.g.. water or an organic solvent such as N-methylpyroUdone, acetone, methyl ethyl 
ketone (MEK), or combinations thereof). The addition of organic solvents in a 
waterbome system may also help in reducing the viscosity of the prepolymer. which 
fecilitates formation of the disper aon. 

In wateihome systems, typically a neutralizing agent is also added to the 
polyurethane prepolymer to more easily disperse the polyurethane prepolymer in the 
dispersing medium For example, a base, such as a tertiaiy amine or alkali metal salt, 
can be used as a neutralizing agent to neutralize any anion-formmg groups in the 
polymeric chain and more easily disperse the polyurethane prepolymer in the 
dispersing medium Generally, when neutralizing the polyurethane prepolymer before 
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introducing it into the dispersing medium, a tertiary amine is used for the neutralizing 
agent. When neutralization occurs after introducing the polyurethane prepolymer 
into the dispersing medium, a tertiary amine, an alkali metal salt, or a combination 
thereof is used as the neutralizing agent. 

In a waterbome syst«n, the polyurethane prepolymer is then chain extended 
through the reaction of the isoeyanate-fimctional groups in combination with water, 
at least one polyamine, or mfartures thereof Isoeyanate-fimctional groups react witii 
water to form an unstable carbamic acid. The carbamic acid then converts to a 
piimaiy amine and carbon dioxide. The primaiy amine forms a urea linkage with any 
remaining isoeyanate-fimctional groups of the polyurethane prepolymer. When the 
chain extending agent comprises a polyamine, the polyamine forms urea linkages with 
the isoeyanate-fimctional groups of the polyurethane prepolymer. Thus, the resulting 
polyurethane-based polymer contains both urethane and urea Unkages therdn. 

As recognizable to those of ordinary skill in the art, the polyurethane 
prepolymer may alternatively be chain extended using other suitable chain extenders, 
which may be selected according to whether the polymer is formed using a 100% 
solids, solventbome, or waterbome system. 

When the chain extending agent comprises a polyamine, any suitable 
compound having at least two amine fiinctional groups can be used for the 
polyamine. For example, the compound may be a diamine, triamine, etc. Mixtures of 
polyamines may also be used for the chain extending agent. In general, the 
isoeyanate-fimctional group to amine-fijnctional group ratio of the reactants is 
preferably about 0. 1 to about 1.5, most typicaUy about 1 . 

Examples of polyamines usefiji in the present invention include, but are not 

limited to, polyoxyalkylene polyamines. alkylene polyamines, and polysiloxane 
polyamines. Preferably, the polyamine is a diamine. 

The polyoxyalkylene polyamine may be, for example, a polyoxyethylene 
polyamine, polyoxypropylene polyamine. polyoxytetramethylene polyamine, or 
mixtures thereof Polyoxyethylene polyamine may be especially usefiil whel 
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preparing the adhesive for medical appUcations, for example, where a high vapor 
transfer medium and/or water absoibency may be desirable. 

Many polyoxyalkylenepoiyamines are commercially available. For example, 
polyoxyalkylene diamines are available under trade designations such as D-23 0, D- 
400, D-2000, D-4000, DU-700, ED-2001 and EDR-148 (avaUable from Huntsman 
Corporation; Houston, Texas, under the family trade designation JEFFAMINE). 
Polyoxyalkylene triamines are available under trade designations such as T-3000 and 

T-5000 (available from Huntsman Corporation; Houston, Texas). 

Alkylene polyammes include, for example, ethylene diamine; diethylene 

triamine; triethylene tetramine; propylene diamine; butylene diamine; hexamethylene 
diamine; cydphexylene diamine; piperazine; 2-methyl piperazine; phenylene diamine; 
tolylene diamine; xylylene diamine; tris(2-ammoethyl) amine; 3,3'-dinitrobenzidine; 
4,4'-methylenebis(2-chloroaniIine); 3,3'-dichIoro-4,4'-biphenyl diamine; 2,6- 
diaminopyridine; 4,4'-diaminodiphenyhnethane; menthane diamine; 
; m-xylene diamine; isophoronediamine;.anddipiperidyl propane. Many alkylene 
polyamines are also commercially available. For example, alkylene diammes are 
avaUable under trade designations such as DYTEK A and DYTEK EP (avaflable 
from DuPont Chemical Company; Wilmington, DE). 

The polyurethane-based polymer may then be compounded with other 
0 materials to form an adhesive having the desired properties. That is, adhesives of the 
present invention may contain various additives and other property modifiers. 

For example, fillers, such as fumed siUca, fibers (e.g., glass, metal, inorganic, 

or organic fibers), c^bon black, glass or ceramic beads/bubbles, particles (e.g., metal, 
inorganic, or organic particles), polyaramids (e.g., those available from DuPont 

15 Chemical Company; Wihnington, DE under the trade designation, KEVLAR), and 
the like can be added, generally in amounts up to about 50 parts per hundred parts by 
weight of the polyurethane-based polymer, provided that such additives are not 
detrimental to the properties desired in the final adhesive composition. 

Other.additives such as dyes, inert fluids (e.g., hydrocarbon oils), plasticizers, 

30 tackifiers, pigments, flame retardants, stabilizers, antioxidants, compatibilizers. 
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airtiinicrobial agents (e.g., zinc oxide), electrical conductors, thennal conductors 
(e.g.. aluminum oxide, boron nitride, aluminum nitride, and nickel particles), and the 
like can be blended into these compositions, generafly m amounts of from about 1 to 
about 50 percent by total volume of the composition. It should be noted that, 
although tackifiers and plasticizers may be added, such additives are not necessaiy for 
obtaining PSA properties in polyurethane-based adhesives of the invention. 

Application 

When the polyurethane-based adhesive is prepared from a solventbome or 
waterbome system, once the solution or dispersion is formed, it is easily applied to a 
substrate and then dried to form an adhesive coating. Drying can be carried out 
either at room temperature (i.e.. about 20'C) or at elevated temperatures (e.g., about 
25'C to about 150-C). Drying can optionally include using forced air or a vacuum. 
This includes the drying of staticcoated substrates in ovens, such as forced air and 
vacuum ovens, or drying of coated substrates that are continuously conveyed through 
chambers heated by forced air. high-intensity lamps, and the like. Drying may also be 
performed at reduced (i.e., less than ambient) pressure. 

An adhesive coating can be formed on a wide variety of substrates. For 
example, the adhesive can be applied to sheeting products (e.g.. decorative, 
reflective, and graphical), labelstock. and tape backings. The substrate can'be any 
sui table type of material depending on the desired application. Typically, the 
substrate comprises a nonwoven. paper, polymeric fihn (e.g.; polypropylene (e.g., 
biaxially oriented polypropylene (BOPP)), polyethylene, polyurea, polyurethane, or 
polyester (e.g.. polyethylene terephthalate)), or release liner (e.g., siliconized liner). 

Adhesives according to the present invention can be utUized to form tape, for 
example. To form a tape, an adhesive coating is formed on at least a portion of a 
suitable backing. A release material (e.g., low adhesion backsize) can be appKed to 
the opposite side of the backing, if desired. When double-sided tapes are fonned. an 
adhesive coating is formed on at least a portion of both sides of the backing. 
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EXAMPLES 

These examples are merely for illustrative purposes only and are not meant to 
be limiting on the scope of the appended claims. All parts, percentages, ratios, etc. in 
the examples and the rest of the specification are by weight, unless noted otherwise. 
5 Furthermore; molecular weights in the examples and the rest ofthe specification are 

weight average molecular weights, unless noted otherwise. 

The preparation methods and test methods described below were used to 
characterize pplyurethane-based adhesive compositions produced in the following 
examples. The compositions produced herein are PSAs, in accordance with a 
10 preferred embodiment ofthe invention. 

Although the examples focus onPSAs prepared fi-om dispersions, as noted 
earHer. adhesives ofthe invention may also be prepared fi;om 100% solids and 
solventbome systems. Adhesives prepared fi-om 100% solids and solventbome 
systems also benefit fi-om the use of chemistries described herein. 



15 



20 



25 



Preparation Of Pressure-Sensitive Adhesive (PSA) Tapes 

The polyurethane-urea dispersion to be tested was cast onto a polyethylene 

terephthalate backing at a diy thickness of approximately 25 micrometers using a 
MEYER rod or a knife coater depending on the viscosity of the dispersion. The 
coating was aUowed to dry at room temperature followed by fiirther drying for 10 
minutes in a 70°C oven. The samples were placed in a constant temperature and 
h^dity room (22«'C and 50% relative humidity) overnight prior to testing. 

ISO** Peel Adhesion 
This peel adhesion test is similar to the test method described in ASTM D 

3330-90, substituting a glass substrate for the stainless steel substrate described in the 
test (for the present purpose, also referred to as "glass substrate peel adhesion test"). 
PSA tapes, prepared as described above, were cut into 1.27-centhneterby 15- 
centimeter strips. Each strip was then adhered to a 10 centimeter by 20 centimeter 
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10 



20 



25 



Clean, solvent-washed glass coupon by passing a 2-kiIogram roMer once over the 
strip. The bonded assembly dweUed at room temperature for about one minute. 

Each sample so prepared was tested for 180° peel adhesion using an IMASS 
slip/peel tester (Model 3M90, commercially avaUable from Instrumentors Inc.; 
StrongsviUe, OH) at a rate of 2.3 meters/minute (90 inches/mimite) using a five 
second data coUection time. Two samples of each composition were tested. The 
reported peel adhesion value is an a[verige of the peel adhesion value from each of 
the two samples. 



Shear Strength 

This shear strength test is similar to the test method described in ASTM D 
3654-88. PSA tapes, prepared as described above, were cut into 1.27-centimeter by 
15-centimeter strips. Each strip was then adhered to a stainless steel panel such that 
a 1.27-centimeter by 1 .27-centimeter portion of each strip was in firm contact with 
15 the panel and one end portion ofthe Strip hung free. 

The panel with the attached strip was placed in a rack such that the panel 
formed an angle of 178» with the extended free end ofthe strip. The strip was 
tensioned by application of a force of one kilogram apph ed as a hanging weight from 
the free end ofthe strip. The T> less than 1 80» was used to negate any peel forces 
thus ensuring that only shear strength forces were measured, in an attempt fo morl 
accurately determine the holding power ofthe tape being tested. 

The elapsed time for each tape sample to separate from the test panel was 
recorded as the shear strength. Each test was tenriinated at 10.000 minutes, unless 
the adhesive failed at an earlier time (as noted). All shear strength Mures Ofthe 
adhesive failed at less than 10,000 minutes) reported herein were cohesive failures of 
the adhesive. 
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Table of Abbreviations 
In the foUowing table, the measured weight % of monol for certain of the 
higher molecular weight polyols was determined using proton-NMR spectroscopy. 
The weight % monol measured was the proportion of allyl protons with respect to 
the total number of protons in the polymer backbone of the polyol. 



Abbreviation { 
or Trade 



Description 



A highly pure polypropylene oxide/polyethylene oxide dtol wrtn 
an appro4nate molecular weight of 3,000 grams/mole, an OH 
equivalent weight of approximatdy 1,500 
I measured weight % monol of 0.5, commerciaUy available from 
Lvondell Chemical Company Houston. Texas 



ACCLAIM 
3205 



ACCLAIM 
4200 



ACCLAIM 
6320 



ACCLAIM 
12200 



ARCOL 
PPG-425 



ARCOL 
PPG-4025 



I .yn naeii t-neimcm y^ ^iwa^^y, . - - • 

A highly pure polypropylene oxide/polyetnyiene oxide diol.wrth 
2, approSmate molecular weight of 3,000 grams/mole, an OH 
equivalent weight of approximately 1,500 g^^^/mole, and a 
measured weight % monol of 0.2, commercially available from 

1 yr^^AM nhemical Company; Houston, Texas 

A highly pure polypropylene oxide d.oi with an approximate 
llSf weight of 4,000 grams/mole,_an OH equivalent weight 
of approximately 2,000 grams/mole, and a measured weight /o 
moiiol of 0.6, commercially avaUable from Lyondell Chemical 

Company; Houston. Texas : — - . , 

A hiSily pure polypropylene oxide/polyethylene oxide tnol^ 
an approimate molecular weight of 6,000 gram^mole, an OH 
equivalent weight of approximately 2,000 grams/mole, and a 
measured weight % monol of 1.1, commerciaUy available from 

T ynnH ^U Chemical Compan y: Houston, Texas . 

A highly pure polypropylene oxide diol with an approximate 
molecular weight of 12,000 grams/mole, an OH equivalent 
weight of approximately 6,000 grams/mole, and a measured 
weight % monol of 3.8, commercially available fromLyondeU 

rhi-r^^-^^ rnmpanv: Houston, Texas , — 

A polypropylene oxide diol with an approximate molecular 
weight of 425 grams/mole and an OH equivalent weight of 
approximately 200 grams/mole, commercially avadable from 

T y nnrfftll Chemical Compan y: Houston, Texas — — 

A polypropylene oxide diol with an approximate molecular 
weight of 4,000 grams/mole, an OH equivalent weight of 
approximately 2,000 grams/mole, and a measured wei^t A 
nionol of 13.5. commerciaUy available from LyondeU Chemical 
rnmpan y: Houston, Texas 
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1 ARCOL 


An expenmental, highly pure polypropylene oxide/polyethylene 
OMde diol vwth an approxiniate molecular weight of 8,000 
grams/mole, an OH equivalent weight of approximately 4,000 
grams/mole, and a measured weight % monol of 2.2, from 
Lyondell Chemical Company; Hnnstnn, T^^yao * 


1,4-BpO 

1 rM?n 


1,4-Dutanediol with an approximate molecular weight of 90 
grams/mole, commercially avaaable from Aldrich Chemical 
Company; Milwaukee. Wisconsin 




1 XJCXJ 


Diethylene slvcol with a iTinl(>r>iiiar wisink'f' <^'Po««M^^..: x i 

J gijrvui, Willi a jiiuieuuiar weignt oi approxunately 100 

grams/mole, commercially available from Aldrich Chemical 

Company;>filwaukee, Wisconsin 


J LlliiS-VV 


Abis(4-isocyanato cyclohexyl) methane, commerciaHy availablT" 
from Baver CorDoratioiT PittQhiircyK T>AnrkomrU»«>*«:^ 


J-IJVIFA 


2,2-dimethylolpropiomc acid, commercially available from 

Aldrich Chemical ComDanv "NfilwanlriaA w«c!/*^«««:«. 
m^mmmM.%^^M. v^v/inpgnj^^ -LvjiiwauKgc, wisconsm 


DPG 


Dipropylene glycol with a molecular weight of approximately | 
130 grams/mole, commercially available from Aldrich Chemical 
Company; ^filwaukee, Wisconsin 


EDA 


Ethylene diamine. commerciaUy avaUable from Aldrich Chemical 
Company; Milwaukee, Wisconsin 


FASCAT 
1 4224 


A reactive urethane catalyst, dibutyltin di-l-thioglycerol. with an 
OH equivalent weight of approximately 1 10 grams/mole 
commercially available from Elf Atochem North America, Ihc • 
Philadelphia. Pennsvlvania -» •» | 


HFTC 

f TTITXT 


A hydroxy-functional tin catalyst, 

dibutykin-(l-mercaptoethanol)(l-thioglycerol), with an OH 
equivalent weight of approximately 1 50 grams/mole, prepared as 
described in the paraeraph below this table 


iPDI 


isophorone dusocyanate, commercially available from Aldrich 
Chemical Company: Milwaukee, Wiscnncit, 


JEFFAMINE 


A polyoxypropylenediamine with an approximate molecular 
weight of 230 grams/mole, commercially available from 
Huntsman Corporation; Houston, Texas 




1 iVLtijV 


2-butanone (methyl ethyl ketone), commerciaUy available from"~ 
Aldnch Chemical Cbnibany; MHwaukee. Wisconsin 




2-M-l,3-PDO 

1 


2-methyl-l,3-propanediol with an approximate molecular weight 
of 90 grams/mole, commercially available from Aldrich 
Chemical Company; Milwaukee, Wisconsin 




NMP 

1 * 


l-methyl-2-pyrrohdmone, commercially avaUable from Aldrich 
Chemical Company; Milwaukee. Wisconsin 




1,5-PDO 

i 

( 


1,5-pentanediol with an approximate molecular weight of 100 
5i^ms/moIe, commercially avaUable from Aldrich Chemical 
I^ompany; MUwaukee. Wisconsin . 




PET J 


^n ammated-polybutadiene primed polyester film of 
>olyethylene terephthalate having a thickness of 38 micrometers 
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SPD 1 


A sulfopolyester diol wHh an OH equivalent weight of 340 
grams/mole and an approximate molecular wei^t ot osu 
grams/mole, prepared from dimethyl S-sodiosulfoisopWhalate, 
diethvlene rIvcoI and caprolactone as described mPCT 
Publication Number WO 99/15>572. Example 36 ^ 


TDI 


A tolylene 2,4-diisocyanate, tolylene 2,5-ausocyanaxe im^lu.^, 
with a ratio of the two components of 80:20 parts by weight, 
and commercially avaflable from Aldrich Chemical Company; 

Milwaukee. Wisconsin ■ . ^ ^. — ^-j 


TEA 


Triethylamine, commerci^y avaUable trom Aldnch Chemical 
Company; Milwaukee. Wisconsin — 1 



10 



TT yHmxv-Functi '^"«T Tin Catalvst fHFTC) Preparation 

In a round bottom flask fitted with a reflux condenser, a DEAN-STARK-type 
water trap, and a thennometer, 19.65 grams (0.181 moles) of thiog^ycerol 
(commercially available from Aldrich Chemical Company of Milwaukee. Wisconsin), 
14 19 grams (0.181 moles) of mercaptoethanol (commerciaUy avaflable from Aldrich 
Chemical Company of Mflwaukee, Wisconsin), 45.16 grams (0.181 moles) of dibutyl 
tin oxide (commercially avaflable from Aldrich Chemical Company of Milwaukee, 
Wisconsin), and 200 mflliliters of tolylene were placed. The mature was 
magnetically stirred and heated to achieve reflux. Heating was continued untU the 
theoretical yield of water was coUected in the DEAN-STARK-type water trap. The 
flask was cooled to room temperature and the tolylene was removed under reduced 
pressure. The yield was 74.68 grams (98.6% of theoretical) of a clear, viscous Uquid. 



15 Example 1 

Part V Prep ^'y^fti- Preparation 

The polyols. ACCLAIM 3201 and ARCOL PPG-425, were dehydrated in- 

vacuo at 90°C -100°C overnight and cooled to room temperature before use. In a 
glass reaction vessel, 120.46 parts by weight of ACCLAIM 3201, 6.34 parts by 
weight of ARCOL PPG-425, 66.20 parts by wdght of MEK. 2.83 parts by weight of 
DMPA and 24^97 parts by weight of IPDI were combmed. The sealed glass reaction 
vessel was rotated in a thermostated temperature bath at 80-C for 48 hours followed 
by bdng placed in a 70°C oven for 4 hours. 

29 
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15 



Part II: D ispersion Preparation 

First, 212.00 parts by weight of the prepolymer prepared in Part I and 2.05. 
parts by weight of TEA were combined and nuxed for four hours. A premix solution 
of 2. 16 parts by weight.of EDA and 285 parts by weight distilled water was then 
prepared. The prepoIymer/TEA mixture was dispersed in the water/EDA premix 
solution using a MICROFLUIDICS HOMOGENIZER Model # HC-5000 
(commerdaHy available from IVficrofluidics Corp.; Newtdn, Massachusetts) at a line 
air pressure of 0.621 MPa. 

Partin: Ta pe Prep aratinn 

The dispersion prepared in Part H was used to prepare a tape sample as 
described above. The ISO- Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 3. Additionally, the test 
results for Example 1 are reported in Table 24 for comparison purposes. 



. Examples 2-3 

Part I: Pre polvmer Prftp arattr>n 

The same procedure described in Example 1, Part I was followed, except using 
20 the reagents and amounts shown in Table 1. 



Table 1 



Example 


IPDI 
(parts by 
weight) 


ACCLAIM 
3201 
(parts by 
weight) 


ARCOL 
PPG-425 
(parts by 
weight) 


DMPA 
(parts by 
weight) 


MEK 
(parts 

by 
weight) 


2 


29.47 


114.21 


12.69 


2.92 


68.20 


3 


38.40 


101.48 


25.37 


3.09 


72.10 
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Pftrtll: Dispersion Pr eparation 

The same procedure described in Example 1, Part n was followed, except 
using the reagents and amounts shown in Table 2. 

.Table2 



Example 


Prqpol^er. 

from Part I 
(parts by 
weight) 


TEA . 
(parts by 
weight) 


EDA 
(parts by 
weight) 


Water 
(parts by 
weight) 


2 


214.00 


2.08 


2.49 


288 


3 


214.00 


2.08 


3.08 


290 



10 



PartlH: Ta pft Preparation 

The dispersions prepared in Part n were used to prepare tape samples as 

described above. The 180» Peel Adhesion and Shear Strength of each tape sample 
were tested as described above and are reported in Table 3. 



Comparative Example CI 
Parti:, Prepnlvmer Pre paration 

The polyol, ACCLAIM 3201; was dehydrated in-vacuo at 90°C-100''C 
15 overnight and cooled to room temperature prior to use. In a glass reaction vessel, 
126.86 parts by weight of ACCLAIM 3201 and 50.30 parts by weight anhydrous 
MEK were combined and mixed until homogeneous (about five mmutes). Ina 

separate vessel, 2.75 parts by weight DMPA and 14.00 parts by weight miP were 
combined and mbced until the DMPA was dissolved (about fifteen minutes). The 
20 DMPA/NMP solution was combined with the polyol/MEK solution. The resulting 
mbdure was mixed until homogeneous (about five minutes). Then, 20.53 parts by 
' weight oflPDI was added and the resulting mixture was mixed until homogeneous 

(about five minutes). The sealed glass reaction vessel was rotated in a thermostated 

temperature bath at ZO^C for 44 hours, foUowed by being placed in a 70°C oven for 

25 24 hours. 
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Part n: Dispenann Prf>parat,»» 

The same procedure described in Example 1, Part H was foUpwed, except 
using 209. 19 parts by wdght of the prepolyiher prepared in Part I, 3.81 parts by 
weight of TEA, and a premix containing 1.80 parts by weight of EDA and 278 parts 
by weight of distilled water. 



10 



Partm: Ta pe Prep aration 

The dispersion prepared in Part H was used to prepare a tape sample as 
described above. The peel and shear properties of the tape sample were tested as 
described above and are reported in Table 3. AdditionaUy, the test results for 
Comparative Example CI are reported in Table 24 for comparison purposes. 



Table 3 



Example 


ACCLAIM 3201 
(% by weight of 
total polyol) 


ARCOL PPG-425 
(% by weight of total 
polyol) 


1 180° Peel 
' Adhesion 
(N/dm) 


Shear 
Strength 
(minutes) 


CI 


100 


0 


80.3 


94 


1 


95 


5 


65:0 


568 


2 


90 


10 


* 


1,538 


3 


80 . 


20 


58.2 


10,000 



20 



15 could not be run on Example 2. 



test 



Comparative Example C2 and Examples 4-5 

Part I: Pre polvmftr Prp>p arp.|.v>» 

The same procedure described in Example 1, Part I was followed, except using 
the reagents shown in Table 4. 
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Table 4 



Example 


ARCOL 1 
R-2585 ' 
^arts by 
weight) 


ARCOL 
PPG-425 
^artsby 
weight) 


Acetone 
(parts by 
weight) 


DMPA 
(parts by 
weight) 


NMP 
(parts by 
weight) 


IPDI 
(parts by 
weight) 


rlr 
(parts 

by 

weight) 


C2 


400.70 


0 


155.60 


6.70 


33.54 


33.78 


0.41 


4 


162.00 


18.00 


74.70 


3.1(5 


16.00 


28.73 


0.18 


'' 5 ' 


137.60 


34.40 


76.11 


3.24 


16.20 


40.46; 


0.18 
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Part n: Di s persion Pr eparation . 

Comparative Example .C2 , 

A premix of 0.91 parts by weight of TEA, 1.08 parts by weight of EDA, and 
301 parts by weight of distiUed watef was prepared. Then, 225 .00 parts by weight of 
the prepolymer prepared in Part I was dispersed in the water/IEA/ED A premix in a 
MICROFLUIDICS HOMOGENIZER Model # HC-5000 (cbmmerciaHy available 
from Microfluidics Corp.; Newton. MA) at a line air pressure of 0.621 MPa. 

Examples 4-5 

The same procedure described in Example 1, Part H was followed, except 
using the reagents shown in Table 5. 

Tables 



15 



Example 


Prepolymer 
from Part I 
(parts by 
weight) 


TEA 1 
(piartsby 
weight) 


EDA 
(parts by 
weight) 


Water 
(parts by 
weight) 


4 


220.00 


1.50 


1.88 


295 


5 


220.00 


. 1.20 


2.60 


295 



PartnT; Tap p- Preparation 

The dispersions prepared in Part H were used to prepare tape samples as 
described above. The 180o pe^j Adhesion and Shear Strength of each tape sample 
were tested as described above and are reported in Table 6. AdditionaUy, the test 
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results for Comparative Example C2 are reported in Table 24 and the test results for 
Examples 4 and 5 are reported in Table 13 for comparison purposes. 

Table 6 



Example 


ARCOLR-2585 
(% by wdjght of 
total polyol) 


ARCOL PPG-425 
(% by weight of total 
polvol) 


180° Peel 
Adhesion 
(N/dm) 


Shear 
Strength 
(minutes) 
507 


C2 
" 4 


100 


0 


68.3 




'. 


10 


73?7 


2,237 


5 


80 ~ 


~20 


69l 


5,441 



Example 6 

Part i: Pr ftpolvmer Prep aration 

Prior to use, the polyols, ACCLAIM 12200 and ARCOL PPG^25, were 

dehydrated in-vaeuo at 90°C-100''Covenught and cooled to room tempe^ture I„ a 
glass reaction vessel, 96.32 parts by weight of ACCLAIM 12200, 24.08 parts by 
weight of ARCOL PPG-425, and 52.85 parts by weight of MEK were combined and 
mixed unt.1 homogeneous (about five minutes). In a separate vessel, 2.26 parts by 
weight of DMPA and 1 1.34 parts by weight of NMP were combined and mbced until 
the DMPA was dissolved (about fifteen minutes). The DMPA/NMP solution was 
combined with the polyoI/MEK solution and mixed untU homogeneous (about five 
nunutes). Then, 27.52 parts by weight of IPDI and 013 gram of HFTC were added 
to the resulting mixture and mbced untU homogeneous (about five minutes). The 
reaction vessel was rotated in a thermostated temperature bath at 80°C for 22 hours 
and then in a 70°C oven for four hours. 



Part n: ni spersinn Pr»p arot;^n 

The same procedure described in Example 1, Part D was followed, except 
using 193.50 parts by weight of the prepolymer prepared in Part I, 1.55 parts by 
weight of TEA, and a premix containing 2.23 parts by weight of EDA and 262 parts 
by weight of distiUed water. 
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The dispersion prepared in Part H was used to prepare a tape sample as 
described above. The 180«> Peel Adhesfon and Shear Strength of the tape sample 
were tested as described above and are reported in Table 7. 

C«mparative Example C3 

Part T! Prgpnlymer Pre paration 

The polyol, ACCLAIM 12200, was dehydrated in-vacuo at 90°C-100°C 
overidghtandcooledtoroomtemperaturepriortouse. In a glass reaction vessel, 
144 48 parts by weight of ACCLAIM 12200. 67.30 parts by weight of MEK, 2.36 
parts by weight of DMPA, and 10.38 parts by weight of IPDI were combined. The 
reaction vessel was rotated in a thennostated temperature bath at ZCTC for 48 hours 
foUowed by being placed in a 70°C oven for four hours. 

Part TI: Di s persion Pr eparation 

The same procedure described in Example 1, Part H was followed, except 
using 201 00 parts by weight of the prepolymer prepared in Part I, 0.80 gram of 

IBA, and a premix containing 0.83 gram of EDA and 269 parts by weight of distilled 
20 water. 



PartTII: T ^^pp Preparation 

The dispersion prepared in Part H was used to prepare a tape sample as 
described above. The 180° Peel Adhesion and Shear Strength of the tape sample 
25 were tested as described above and are reported in Table 7. 
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Table 7 



Sample 


ACCLAIM 12200 
(% by weight of 
' total polyol) 


ARCOLPPG-425 
(% by weight of total 
polyol) 


180° Peel 
Adhesion 
(N/dm) 


Shear 
Strength 
(minutes) 


6 


80 


20 


36.5 


10,000 


C3 


100 


0 


47.0 


217 



10 



IS 



Example 7 

Part I: Pr epolvmer Preparatinn 

The polyol, ACCLAIM 3201. was dehydrated in-vacuo at 90'^C-100''C 
overnight and cooled to room temperature before use. In a glass reaction vessel, 
130.00 parts by weight of ACCLAIM 3201, 0.66 gram of l,5.PDO, 1.43 parts by 
weight of DMPA, 65.10 parts by weight of anhydrous acetone, 19.91 parts by weight 
of IPDI, and 0.14 gram of FASCAT 4224 were combined. The reaction vessel was 
rotated in a themiostated temperature bath at 80°C for sixteen hours followed by 
being placed in a 70*'C oven for one hour. 

Partn: D ispersion Preparation 

The same procedure described in Example 1, Part H was followed, except 
using 210.00 parts by weight of the prepolymer prepared in Part I, 1 .05 parts by 
weight of TEA, and a premix containing 1.73 parts by weight of EDA and 283 parts 
by weight of distilled water. 



20 



Partm: Tap e Prep aratinn 

The dispersion prepared in Part H was used to prepare a tape sample as 
described above. The 180<^ Peel Adhesion and Shear Strength of the tape sampl, 
were tested as described above and are reported in Table 10. 
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Examples 8-10 

v^rf V Prepp ly^^r Preparation 

The same procedure described in Example 7, Part I was foUowed with the 

reagents shown in Table 8. 



Table 8 



Example 


ACCLAIM 
3201 
(parts by 
weight) 


1,5-PDO 
(parts by 
weight) 


Acetone 
(parts by 
weight) 


DMPA 
(parts by 
wdght) 


ffDI 
(parts by 
weight) 


FASCAT 

4224 
(parts by 
weight) 


.8 


130.00 


1.32 


66.4 


1.46 


22.10 


0.14 


9 


130:00 


2.66 


68:70 


1.51 


26.31 


. 0 


I . -10 


130.00 


6.85. 


76.50 


j 1.68 


40.17 


0 



10 



P^ rt ^- Di s pe'^'Q" Pr eparation 

The same procedure described in Comparative Example C2, Part H was 
followed with the reagents shown in Table 9. 



Table 9 



Example 


Prepolymer 
from Part I 
(parts by 
weight) 


TEA 
(parts by 
weight) 


EDA 
(parts by 
weight) 


Watra- 

(parts by 
weight) 


8 


215.00 


1.07 


1.93 


290 


9 


220.00 


1.10 


2.27 


297 


10 


220.00 


1.10. 


3,12 


. 299 



Part TII: T apft Pre paration 
15 The dispersions prepared in Part H were used to prepare tape samples as 

described above. The 180° Peel Adhesion and Shear Strength of each tape sample 
were tested as described above and are reported in Table 10. 
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Table 10 



^cample 


ACCLAIM 3201 
(% by wdght of 
total polyol) 


1,5-PDO 
vy wcigiii or total 
Dolyol) 


1 180° Peel 
Adhesion 
(N/dm) 


Shear 
Strength 
(minutes) 


7 


99.5 


0.5 


78.8 


3 


8 


99 


1 


78.5 


29 


9 


98 


2 


44.6 


95 


10 


95 


. 5 


11.8 


10,000 



10 



15 



20 



Example 11 

Parti- Prft polvmerP^ ftparafiV,r, 

The polyol, ACCLAIM 3201, was dehydrated in-vacuo at 90»C-100*'c 
overnight and cooled to room temperature before use. In a glass reaction vessel 
130.00 parts by weight of ACCLAIM 3201, 1.32 parts by weight of 1,5-PDO 288 
parts by weight of DMPA, 68.40 parts by weight of anhydrous acetone and 25 42 
parts by weight of IPDI were combined. The reaction vessel was rotated in a 
thermostated temperature bath at 80°C for 48 hours followed by being placed in a 
70°C oven for one hour. ACCLAIM 3201 comprised 99% by weight of the polyol 
The other m by weight of the polyol comprised a short chain diol. as indicated in 
Table 1 1. 

Part If: Di spersion Prep aration 

The same procedure described in Comparative Example C2, Part H was 
followed, except that 215. 00 parts by weight of the prepolymer prepared in Part I 
2.05 parts by weight of TEA, 2. 16 parts by weight of EDA, and 287 parts by weight 
of water were used. 
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Part m: Ta pft Preparation 

The dispersion prepared in Part n was used to prepare a tape sample as 
described above. The 180<» Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 11. 



Example 12 

Part T- Prepo Vn"'- Preparation 

The polyol, ACCLAIM 3201, was dehydrated in-vacuo at QO'C -100°C 
10 overnight and cooled to room temperature before use. In a glass reaction vessel. 
130.00 parts by weight of ACCLAIM 3201. 1.32 parts by weight of 1.4.BDO, 2.89 
parts by weight oflDMPA, 68.60 parts by weight of anhydrous acetone and 26.11 

parts by weight oflPDI were combined. The reaction vessel was rotated in a 
thermostated temperature bath at 80°C for 46 hours followed by being placed in a 
15 7X)°C oven for one hour. ACCLAIM 3201 comprised 99% by weight.of the polyol. 
The other 1% by weight of the polyol comprised a short chain diol. as indicated in 
Table IL 



20 



Part n: Dis p'^rgi"'^ Preparation 

The same procedure described in Comparative Example C2, Part n was 

foUowed, except that 215.00 parts by weight of the prepolymer.prepared in Part I, 
2.05 parts by weight of TEA, 2.21 parts by weight^f EDA, and 288 parts by weight 
of water were used. 



25 Part TTI: Ta pft Preparation 

The dispersion prepared in Part U was used to prepare a tape sample as 
described above. The 180° Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 11. 
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Example- 13 

Part r Prfi polvmer Prpp araf.»n 

The polyol. ACCLAIM 3201, was dehydrated in-vacuo at 90'c -lOO'C 
overnight and cooled to room temperature before use. In a gla«, reaction vessd 
130.00 parts by weight of ACCLAIM 3201, 1.32 parts by weight of 2.M-l,3-PDO 
2.89 parts by weight of DMPA, 68.60 parts by weight of anhydrous acetonl, and ' 
26.11 parts by wdght of IPDI were combined. The reaction vessel was rotated in a 
thermostated temperature bath at 80°C for 46 hours followed by being placed in a 
7G°C oven for one hour. ACCLAIM 3201 comprised 99% by weight of the poIyoL 
The other l«/o by weight of the polyol comprised a short chain diol, as indicated in 
Table 11. 



was 



Part U: Dispersion Pr eoaratinn 

The same procedure described in Comparative Example C2, Part n 

15 foMowed, except that 215.00 parts by weight oftheprepolymer prepared in Part I 

2.05 parts by weight of TEA 2.21 parts by weight of EDA, and 288 parts by weight 
of water were used; 

Part ni: Ta pe Prep aratinn 

20 "^^^^'sPe^^onP^-epared in Part n was used to prepare a tape sample as 

described above. The 180° Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 11. 

Example 14 

25 Part I: Pra polvmer Pr^p araft^n 

The polyol, ACCLAIM 3201, was dehydrated in-vacuo at 90"c -lOO^C 
overnight and cooled to room temperature before use. In a glass reaction vessel 
130.00 parts by weight of ACCLAIM 3201, 1.32 parts by weight of DEG, 2.88 parts 
by weight of DMPA, 68.30 parts by weight of anhydrous acetone, and 25.34 parts by 
30 -eightoflPDIwerecombined. Thereactionvesselwasrotatedinathennostated 
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15 



20 



25 



temperature bath at 80°C for 46 hours foUowed by being placed in a 70 C oven for 
one hour. ACCLAIM 3201 comprised 9?% by weight of the polyol. The other 1% 
by weight of the polyol comprised a short chain diol, as indicated in Table 11. 

Part n: Dispersion Pr eparation 

The same procedure described in Comparative Example C2, Part n was 

foUowed, except that 215,00 parts by weight of the prepolymer prepared in Part I. 
2.05 parts by weight of TEA, 2.15 parts by weight of EDA, and 288 parts by weight 
of water were used. 

Par ^TTf! T^ pftPreparation 

The dispersion prepared in Part n was used to prepare a tape sample as 
described above. The 180° Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 11. 

Example 15 

Part I: Prepolvmer P reparation 

The polyol, ACCLAIM 3201, was dehydrated in-vacuo at 90°C -100 C 
overnight and cooled to room temperature before use. In a glass reaction vessel, 
130.00 parts by weight of ACCLAIM 3201, 1.32 parts by weight of DPG, 2.87 parts 
by weight of DMPA. 67.90 parts by weight of anhydrous acetone, and 24.45 parts by 
weight oflPDI were combined. The reaction vessel was rotated in a thermostated 
temperature bath at 80"C for 46 hours foUowed by being placed in a70^C oven for 
onehour. ACCLAIM 3201 comprised 99% by weight of the polyol. Tlieotherl% 
by weight of the polyol comprised a short chain diol, as indicated in Table 11. 

Part n: Dispersion Preparation 

The same procedure described in Comparative Example C2, Part H was 
followed, except that 215.00 parts by weight of the prepolymer prepared in Part I. 
2.06 parts by weight of TEA, 2.09 parts by weight of EDA, and 288 parts by weight 
of water were used. 
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PartUT: T ape Prep aratinn 

The dispersion prepared in Part H was used to prepare a tape sample as 
described above. The 180° Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and aie reported m Table 11. 



Table 11 



Example 


Short Chain Didl 


180° Peel 
Adhesion 
. (N/dm) 


Shear Strength 
(minutes) 


11 


1,5-PDO 


45.7 


125 


12 


1,4-BDO 


28.7 


530 


13 


2-M-l,3-PDO 


72.9 


626 


14 


DEG 


61.3 


400 


15 


DPG 


69.8 


248 



Examples 16-17 

Part I: Pre polvmer Prep aration 

The same procedure described in Example 1, Part I 
the reagents shown in Table 12. 



was followed, except usuig 



Table 12 



Example 


ARCOL 
R-2585 

(parts by 
weighty 


ARCOL 
PPG-425 
(parts by 
weight) 


Acetone 
(parts by 
weight) 


DMPA 

(parts by 
weight) 


NMP 

(parts 

by 
weight) 


IPDI 
(parts 

by 
weight) 


HFTC 
(parts 

by 
weight) 


16 . 


137.60 


34.40 


80.00 


2.12 


10.62 


37.68 


0.18 


17 


127.77 


31.94 


62.28 


5.68 


27.90 


44.75 


0.33 



15 



Part II: Di spersinn Prep aration 
Example 16 

The same procedure described in Example 1, Part H was followed, except 
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220.00 parts by weight of the prepolymer from Part 1, 2.00 parts by weight of TEA, 
2.46 parts by wdght of EDA, and 296 parts by weight of water were used. 

Example 17 

5 The same procedure described in Comparative Example C2. Part H was 

foUowed, except that 224.40 parts by weight of the prepolymer prepared in Part I, 
1.60 partsbyweightofTEA, 3.01 parts by weight of EDA, and 304 parts by weight 
of water were used. 

10 Paftm: Tap «-> Preparation 

The dispersions prepared in Part H were used to prepare tape samples as 
described above. The 180° Peel Adhesion and Shear Strength of each tape sample 
were tested as described above and are reported in Table 13. 

15 Example 18 

Part 1: PrepQlvmer P reparation 

The polyols, ARCOL R-2585 and ARCOL PPG-425, were dehydrated in- 
vacuo at 90°C -100°C overnight and cooled to room temperature prior to use. In a 
glass reaction vessel, 162.00 parts by weight of ARCOL R-2585. 18.00 parts by 

20 weight of ARCOL PPG-425, and 78.75 parts by weight of anhydrous acetone were 
combined and mixed unta homogeneous (about five minutes). In a separate vessel, 
2.09 parts by weight of DMP A and 10.40 parts by weight of NMP were combined 

and mixed untU the DMPA was dissolved (about fifteen minutes). TheDMPA/NMP 
solution was combined with the polyol/acetone solution and mixed until 

25 homogeneous (about five minutes). To tins mixture was added,, sequentially, 26.00 
parts by weight of IPDI and 0.18 gram of HFTC. After each addition, the resuhing 
mixture was mixed untU homogeneous (about five minutes). The reaction mbcture 

vessel was placed in an SO'C oven for six hours and agitated intermittently. 
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Part n.- D ispersion Preparation 

The same procedure described in Example 1, Part H was foUowed, except 
that 220.00 parts by weight of the prepolymer prepared in Part I, 2.00 parts by 
weight of TEA, 1.73 parts by weight of EDA, and 295 parts by wdght of wat^ were 



10 



Partmr Tane Preparation 

The dispersion prq)ared in Part H was used to prepare a tape sample as 
described above. The 180° Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 13. 



Table 13 



15 



Example 


ARCOL 
R-.2585 

(%by 
weight of 

total 
polyol) 


ARCOL 
PPG-425 
(% by weight 
of total 
polyol) 


DMPA 
(% by weight 
of 

prepolymer) 


180° Peel 
Adhesion 
(N/dm) 


Shear 
Strength 
(minutes) 


16 


80 


20 


1.0 


82.5 


1,102 


5 


80 


20 


1.5 


69.8 


5,441 


17 


80 


20 


2.7 


55.4 


10,000 


18 


90 


10 


1.0 


95.8 


468 


4 


90 


10 


1.5 


73.7 


2,237 

■ 1 



20 



Comparative Exampile C4 
Parti! Prft polvmerPrep arafif>« 

The polyol, ACCLAIM 3201. was dehydrated in-vacuo at 90°C -100°C 
overnight and cooled to room temperature before use, In a glass reaction vessel, 
139.55 parts by weight of ACCLAIM 3201, 2.95 parts by weight of DMPA, 68.55 
parts by weight of anhydrous acetone, and 17.55 parts by weight of TDI were 
combined. The reaction vessel was rotated in a themiostated temperature bath at 
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80**C for seventeen hours followed by being placed in an 80 C oven for sixteen 
hours. 

Part IT: Di s persion Pr eparation 

First, 220.00 parts by weight of the prepolymer prepared above and 2.15 parts 
by weight of TEA were combined and nuxed for approximately fifteen minutes. The 
prepolymer/TEA mixture was then dispersed in 291 parts by weight of distilled water 
in a MICROFLUIDICS HOMOGENIZER Model # HCSOOO (commercially 
available from Mcrofluidics Corp.; Newton, Massachusetts) at an airUne pressure of 
0.621 MPa. The reaction mixture was stirred overnight at ambient temperature with 
a magnetic stir bar. 



15 



PjirtTTI: Tf pft Preparation 

The dispersion prepared in Part H was used to prepare a tape sample as 
described above. The l&O" Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 14. Additionally, the test 
results for Comparative Example C4 are reported in Table 24 for comparative 



purposes. 



20 



Table 14 



Example 


ACCLAIM 
3201 
(% by weight of 
total polyol) 


DMPA 
(% by weight 
ofprejpolymer) 


180" Peel 
Adhesion 
(N/dm) 


Shear Strength 
(minutes) 


C4 


100 


1.8 


75.0 


743 



25 



Examples 19-21 

Part T: Prep '-^fy^T Preparation 

The same procedure described in Example 1. Part I was foUowed, except using 

the reagents shown in Table 15. 
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Table 15 



Example 


ARCOL 
R-2585 

(parts by 
weight) 


ARCOL 
PPG-425 

(parts by 
weight) 


Acetone 
0>artsby 
weight) 


DMPA 
(parts by 
weight) 


NMP 
(parts by 
wei^) 


TPr>T 
(parts by 
weight) 


by 

_weight) 


19 


363.04 


19.12 


134,00 


12.00 


60.00 


60.52 


0.78 


20 


363.04 


19.12 


134.00 


12.00 


60.00 


60.52 


0.78 ; 


21 


181.52 


9.56 


67.00 


6.00 


30.00 


30.26 


0.39 



Part IT: nispersinn P reparation 
E}xamplel9 

The same procedure described in Example 1, Part H was followed, except 
160.00 parts by weight of the prepolymer prepared in Part I, 1.12 parts by weight of 
TEA. no EDA and 212 parts by weight of water were used. 



10 



15 



20 



25 



Example 20 

The same general procedure described in Example 1, Part U was foUowed, 
except 160.00 parts by weight ofthe prepolymer prepared in Part I. 1.12partsby 
weight of TEA, and a premix containing 0.67 gram of EDA, 2.68 parts by weight of 
JEFFAMESiED-230, and214 partsby weight of distilled water were used. 

Example 21 

The same procedure described in Comparative Example C2, Part H was 
followed, except that 225.00 parts by weight ofthe prepolymer prepared in Part I, 
1.57 parts by weight of TEA, 1.88 parts by weight of EDA, and 303 parts by weight 
of water were used. . 

PartHl! Ta pe Prep aration 

The dispersions prepared in Part H were used to prepare tape samples as 
described above. The 180° Peel Adhesion and Shear Strength of each tape sample 
were tested as described above and are reported in Table 16. Additionally, the results 
of Example 21 are reported in Table 18 for comparative purposes. 
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Example 



19 



ARCOL 
R-2585 
(% by 
weight of 
total 
loJxol] 
95 



ARCOL 
PPG-425 

(% by 
weight of 
total 
oljroi: 
5 



Table 16 

Chain 
Extender 



water 



180° Peel 
Adhesion 
(N/dm) 



59.3 
63.7 



Shear 
Strength 
(minutes) 



10,000 
10,000 



20 



21 



95 



95 



EDA: 
3EFFAMINE 
D-230 

(in a weight 
ratio of 

50:50) 



EDA 



49.9 



10,000 



5 Example 22 

Parti: Prepnlvmer Pr eparation 

•ae same procedure described in Example 1. Part I was foUowed, except using 

the reagents shown in Table 17. 



10 



Table 17 



Example 


ARCOL 
R-2585 

(parts by 
weight) 


ARCOL 
PPG-425 
(parts by 
weight) 


Acetone 
(parts by 
weight) 


DMPA 
(parts by 
weight) 


NMP 
(parts 

by 
weight) 


IPDI 

(parts by 
weight) 


HFTC 
(parts by 
weight) 


22 


181.52 


9.56 


67.00 


6.00 


30.00 


29.82 


0 



IS 



Part n: Di s persion Pr q?aration 

The same procedure described in Comparative Example C2, Part H was 
followed, except that 225.00 parts by weight of the prepolymer prepared in Part I, 

1.57 parts by weight of TEA, 1.86 paks by weight of EDA, and 303 parts by weight 

of water were used. 
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Partni: T ape Prep aratinn 

The dispersion prepared in Part H was used to prepare a tape sample as 
described above. The 180° Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are r^orted in Table 18. 



Table 18 



10 



Example 


ARCOL 
R-2585 

(% by 
weight of 

total 
polyol) 


ARCOL 
PPG-425 

(%by 
weight of 
total 
polvol") 


Catalyst 


180° Peel 
Adhesion 
(N/dm) 


Shear 
Strength 
(minutes) 


21 


95 


5 . 


HFTC 


49.9 


10,000 


22 


95 


5 


none 


47.7 


10,000 



Comparative Example CS and Example 23 
Part I: Prepolvmer Prftpapti»n 

The same procedure described in Example 1, Part I was followed, except using 
the reagents shown in Table 19 with the modification that ACCLAIM 3205 was used 
in place of ACCLAIM 3201. Furthermore, HFTC was also added to the reaction 
mixture for Comparative Example C5, as noted in Table 19. 



15 



Table 19 



Example 


IPDI 
(parts 

by 
weight) 


ACCLAIM 
3205 
(parts by 
weight) 


ARCOL 
PPG-425 
(parts by 
weight) 


DMPA 
(parts by 
weight) 


HFTC 
(parts by 
weight) 


MEK 
(parts by 
weight) 


C5 


18.24 - 


133.49 


0 


1.45 


0.14 


65.70 


23 


38.45 


101.48 1 


25.37 


3.09 


0 


72.10 



Part n: D ispersion Preparation 

The same procedure described in Example 1, Part H was followed with the 
reagents shown in Table 20. 
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Table 20 



Example 


Prepolymer 
from Part I 
(parts by 
weight) 


TEA 
(parts by 
weight) 


EDA 
(parts by 
weight) 


Water 
(parts by 
weight) 


C5 . 


240.49 


2.34 


3.46 


326 


23 


240.49 


2.34 


3.46 


326 



PartTTI: T a pft Preparation 

■ The dispersions prepared in Part H were used to prepare tape samples as 
described above. The 180° Peel Adhesion and Shear Strength of each tape sample 
were tested as described above and are reported in Table 21. 



Table 21 



Example 


ACCLAIM 

3205 
(% by weight 
of total polyol) 


ARCOLPPG- 
425 

(% by weight of 
total polyol) 


180° Peel 
Adhesion 
(N/dm) 


Shear Strength 
(minutes) 


C5 


100 • 


0 


145.9 


4 


23 


80 


20 


60.4 


4,404 



10 Example 24 

Part T; Prepolvmer Pr eparation 

The polyols, ACCLAIM 3201 and SPD, were dehydrated in-vacuo at 90°C - 
100°C overnight and cooled to room temperature prior to use. In a glass reaction 
vessel, 90.00 parts by weight of ACCLAIM 3201, 90.00 parts by weight of SPD, 
15 66.20 parts by weight of anhydrous acetone, and 20.00 parts by weight of miP were 
combined and mbced until homogeneous (about five minutes). In a separate vessel. 
2.09 parts by wei^t of DMPA and 10.40 parts by weight of NMP were combined 
and mixed untU the DMPA was dissolved (about fifteen minutes). The DMPA/NMP 
solution was combined with the polyol/acetone solution and mbced until 
20 homogeneous (about five minutes). To this mixture was added, sequentially, 54.65 
parts by weight of IPDI and 0.36 gram of HFTC. After each addition the resulting 
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mixture was mixed until homogeneous (about five minutes). The reaction mixture 
vessel was placed in an 80°C oven for six hours and agitated intennittently. 

Partn: Dispersion Prgifl^i;^^ 

The same procedure described in Example 1, Part H was foUowed with 230.40 
parts by weight of the prepolymer prepared in Part I and a premix containing 3.19 
parts by weight of EDA and 285 parts by weight of distilled water. 

PartlH: Ta pe Prep aration , 

The dispersion prepared in Part H was used to prepare a tape sample as 
described above. The 180" Peel Adhesion and Shear Strength of the tape sample 
were teisted as described above and are reported in Table 22. 



Table 22 



15 



20 



25 



Example 


ACCLAIM 3201 
(% by weight of 
total Dolyol) 


SPD 
(% by weight of 
total polvol) 


180° Peel 
Adhesion 

(N/dm) 


Shear Strength j 
(minutes) 


. 24 


50 


50 


39.2 : 


10,000 



Example 25 

Part I: Pr epolvmer Preparation 

^ The polyols, ARCOL R.2585 and ACCLAIM 6320, were dehydrated in-vacuo 
at 90°C -lOO^C overnight and cooled to room temperature prior to use.' In a glass 
reaction vessel, 171.68 parts by weight of ARCOL R.2585, 9.04 parts by weight of 
ACCLAIM 6320, and 61.74 parts by weight of anhydrous acetone were combined 
and mixed until homogeneous (about five minutes). In a separate vessel. 5.67 parts 
by weight of DMPA and 27.90 parts by weight of NMP were combined and mixed 
until the DMPA was dissolved (about fifteen inmutes). The DMPA/NMP solution 
was combined with the polyol/acetone solution and mixed until homogeneous (about 
five mmutes). To this mbrture.was added, sequentially, 22.66 parts by weight of IPDI 
and 0.19 gram of HFTC. After each addition the resulting mixture was mbced until 
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homogeneous (about five mmutes). The reaction idxto 
80°C oven for six hours and agitated intermittenfly. 

Part n: Di s persion Pr eparation 
5 The same procedure described in Example 1, Part n was foUowed, except 

using 224.20 parts by weight oftheprepolymer prepared in Part I, 1.61partsby 

weight of TEA. and a premfac containing 1.02 parts by weight of EDA and 299 parts 

by weight of distilled water. 

10 yartm: Tap ft Preparation 

The dispersion prepared in Part n was used to prepare a tape sample as 

described above. The 180« iPeel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 23. 



15 



Table 23 



Example 


ARCOL- 
R-2585 
(%. by weight 
of total 
polyol) 


ACCLAIM 
; 6320 
(% by weight of 
total polyol) 


180*" Peel 
Adhesion 
(N/dm) 


Shear Strength 
(minutes) 


25 


95 


5 


43.3 


10,000 



20 



25 



Comparative Example C6 
Parti: Prepnlyiner Pre paration 

The polyol, ARCOi: R-2585, was dehydrated in-vacuo at 90X -lOOX 
ovenu^t and cooled to room temperature prior to use. In a glass reaction vessel, 
188.25 parts by weight of ARCOL R-2585 and 74.00 parts by weight of anhydrous 
acetone were combined and nuxed until homogeneous (about five minutes). In a 
separate vessel, 3.35 parts by weight of DMPA and 16.77 parts by weight of miP 
were combined and mbced until the DMPA was dissolved (about fifteen minutes). 
The DMPAmMP solution was combined with the polyol/acetone solution and mfaced 
untU homogeneous (about five minutes). To this mixture was added, sequentially, 
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20.04 parts by weight of DES-W and 0. 19 gram of HFTC. After each addition, the 
resulting mixture was mixed until homogeneous (about five minutes). The reaction 
mixture vessel was placed in an 80*0 oven for six hours and agitated inteimittently. 

5 Part II: Di spersion Prep ararinn 

The same procedure described in Comparative Example C2, Part n was 
followed, except using 228.80 parts by weight of the prepolymer prepared in Part I 
and a premix containing 0.95 gram of TEA,. 1.16 parts by weight of EDA, and 302 
parts by weight of distilled water. 
10 - 

.k 

Partm: Ta pe Prep aration 

The dispersion prepared in Part H was used to prepare a tape sample as 
described jibove. The 1 80° Peel Adhesion and Shear Strengtii of the tape sample 
were tested as described above and are reported in Table 24. 
is ' 

Example 26 

Parti: Prepolymer Preparation 

The polybls. ACCLAIM 3201 and ARCOL PPG-425, were dehydrated in- 
vacuo at 90°C -100°C overnight and cooled to room temperature before use. In a 
20 glass reaction vessel, 120.46 parts by weight of ACCLAIM 3201, 6.34 parts by 

weight of ARCOL PPG-425, 2.68 parts by weight of DMPA, 63.70 parts by weight 
of anhydrous acetone, and 19.27 parts by weight of TDI were combined. The 

reaction vessel was rotated in a tiiermostated temperature bath at 80°C for forty 
hours. 

25 

Part n: D ispersion Preparation 

A premix solution of 1.91 parts by weight of TEA and 264 parts by weight of 
distilled water was prepared. Then, 200.00 parts by weight of the prepolymer 
prepared above was dispersed in the water/TEA mixture using a MICROFLUIDICS 
30 HOMOGENIZER Model # HC-5000 (commercially avaUable from Microfluidics 

( 
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Corp.; Newton, Massachusetts).at an airline pressure of 0.621 MPa. The reaction 
mixture was stirred overnight at ambient temperature witli a magnetic stir bar. 



Partm: Tape Preparation 
5 The dispersion prepared in Part H was used to prepare a tape sample as 

described above. The 180° Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 24. 



Table 24 



Example | 


First Polyol 
(% by 
weight of 
total polyol) 


Second 
Polyol 
(% by weight 
oftotal 
polyol) ' 


Diisocyanate 


180° Peel 
Adheaon 
- fN/dm) 


Shear 
Strength 
(minutes) 


C2 


ARCOL 
R-2585 
(100) 


(0) 


IPDI 


68.3 


507 


C6 


ARCOL 
R-2585 
(100) 


(0) 


DES-W 


17.3 


10,000 


CI 


ACCLAIM 
3201 
(100) 


(0) 


IPDI 


80.3 


94 - 


C4^ 


ACCLAIM 
3201 
(100) 


. (0) 


TDI 


75.0 


743 


1 


ACCLAIM 
3201 
(95) 


ARCOL 
PPG-425 
(5) 


IPDI 


65.0 


568 


26 


ACCLAIM 
3201 
(95) 


ARCOL 
PPG-425 
(5) 


TDI 


52.3 

1- 


10,000 



10 



15 



Example 27 

Part Ir Prepolymer Pre paration 

The polyols, ACCLAIM 4200 and ARCOL PPG-425. were dehydrated in- 
vacuo at 90°C -100°C overnight and cooled to room temperature before use. In a 
glass reaction vessel, 128.35 parts by weight of ACCLAIM 4200, 6.76 parts by 
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weight of ARCOL PPG^25, 4.00 parts by weight of DMPA, 68.40 parts by weight of 
anhydrous acetone, and 20.61 parts by weight of TDI were combined. The reaction 
vessel was rotated in a thermostated temperature bath at 80**C for forty hours. 

5 Part n: Di spersion Preoaratinn 

The same procedure described in Example 26, Part H was followed, except 
using 2.89 parts by weight of TEA, 287 parts by weight of distiUed water, and 218.00 
parts by weight of the prepdlymer prepared m Part I. 

10 Partni! Ta pe Prep aration , 

The dispersion prepared in Part n was used to prepare a tape sample as 
described above. The ISO"' Peel Adhesion and Shear Strength of the tape sample 

were tested as described above and are reported in Table 25! 

15 Example 28 

Parti: PrepolvmerPrftp^ration 

The polyols, ARCOL PPG^25 and ARCOL PPG-425. were dehydrated in- 

vacuo at PO^'C-IOO^'C overnight and cooled to room temperature before use. In a 
glass reaction vessel, 128.35 parts by weight of ARCOL PPG-4025, 6.76 parts by 
weight of ARCOL PPG.425, 3.98 parts by weight of DMPA, 68.10 parts by weight 
of anhydrous acetone, and 19.98 parts by weight of TDI were combined. The 

reaction vessel Was rotated in a thermostated temperature bath at 80''c for forty 
hours, 

25 Part n: Di spersion preparation 

The same procedure described m Example 26, Part H was foUowed, except 
using 2.87 parts by weight of TEA, 286 parts by weight of distilled water, and 217.00 
parts by weight of the prepolymer prepared in Part I. 



20 
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Partm- Tape Preparation 

The disperaon prepared in Part n was used to prepare a tape sample as 

described above. The 180» Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 25. 



Table 25 



Example 


180° Peel Adhesion 
fN/dm) 


Shear Strength 
(nunutes^ 


27 


37.4 


10,000 


28 


72.4 





10 



15 



Example 29 

Part I: Prp pol ymer P reparation 

The pdlyols. ACCLAIM 4200 and ARCOL PPG-425,were dehydrated in- 
vacuo at PO'C -100°C overnight and cooled to room temperature before use. In a 
glass reaction vessel. 91 .68 parts by weight of ACCLAIM 4200, 22.92 parts by 
weight of ARCOL PPG-425, 2.64 parts by weight of DMPA, 61.10 parts by weight 
of anhydrous acetone, and 25.34 parts by wei^t of TOI were combined. The 
reaction vessel was rotated in a thermostated temperature bath at 80'C for 45 hours. 
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Part n- Dis p*>r''"" Preparation 

The same procedure described iii Example 26, Part H was foUowed. except 
1.86 parts by weight of TEA, 251 parts by weight of distilled water, and 190.00 



using 



parts by weight of the prepolymer prepared in Part L 
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Partm: T a pa Preparation 

The dispersion prepared in Part n was used to prepare a tape sample as 
described above. The 180° Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported in Table 26. 
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Example 3.0 

Part I: Pr epolvmer Preparation 

The polyols. ARCOL PPG-4025 and ARCOL PPG-425, were dehydrated in- 
vacuo at 90^0 -100°C ovemight and cooled to room temperature before use. In a 
glass reaction vessel, 91.68 parts by wdght of ARCOL PPGM025, 22.92 parts by 
weight of ARCOL PPG-425, 2.63 parts by weight of DMPA, 60^90 parts by weight 
of anhydrous acetone, and 24.89 parts by weight of TDI were combined. The 
reaction vessel was placed in a LAUNDER-OMETER Model LEF (commerdaUy 

available from Atlas Electric Devices Company; Chicago, fflinois) at 80"c for 45 
hours. 
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Part 11: Dispersion Preparation 

The same procedure described in Example 26, Part H was foUowed, except 
using 1.86 parts by weight of TEA, 251 parts by weight of distilled water, and 190.00 
parts by weight of the prepolymer prepared in Part I. 



20 



Partm- Ta pe Prep aration 

The dispersion prepared in Part n was used to prepare a tape sample as 
described above. The 180° Peel Adhesion and Shear Strength of the tape sample 
were tested as described above and are reported iii Table 26. 

t 

Table 26 



Example 


180° Peel Adhesion 
(N/dmY 


Shear Strength 
(minutes) 


29 


25:6 


10,000 


30 


1.8 


3 



25 



Various modifications and alterations of the invention will become apparent 
to those skilled in the art without departing from the spirit and scope of the invention, 
which is defined by the accompanying claims. It should be noted that steps recited in 
any method claims below do riot necessarily need to performed in the order that they 
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are recited. Those ofordinaiy skill in the art wffl recognize 
the steps from the order in which they are recited. 
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What Is Claima^ T^ ; 

1 . A polyurethane-based pressure-sensitive adhesive comprising the reaction 

product of: 

5 an isocyanate-reactlve component comprising at least two isocyanate- 

reactive materials, the at least two isocyanate-reactive materials comprising: 

a first isocyanate-reactive material having a wei^t average molecular 
wei^t of less than 2,000, and 

a second isocyanate-reactive material having a weight average 
^0 molecular weight of2,000 or more; 

an isocyanate-functional component; 

an optional reactive emulsifying compound; and 

an optional chain extending agent. 

15 2. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 

isocyanate-reactive component comprises at least one pblyol. 

3. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
first isocyanate-reactive material comprises a polyol and the second isocyanate- 

20 reactive material comprises a polyol. 

4. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
adhesive is prepared fi-om a waterbome system. 

25 5. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 

first and second isocyanate-reactive materials are diols. 

6. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 

isocyanate-reactive component comprises at least one polyoxyallgrlene polyol. 



30 



7. 



The polyurethane-based pressure-sensitive adhesive of claim 1, wherein at 

58 



PCT/USOO/18317 

WO 01/62818 



least one of the first and second isocyanate-reactive materials comprises less than 
about 8% by weight monols. 

8 • The polyurethane-based pressure-sensitive adhesive ofdaiml. wherein at 
5 least one of the first and second isocyanate-reactive materials is a polyol having a 
ratio of polyol molecular weight to weight % monol of at least about 800. 

9. • The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
first isocyanate-reactive material has a weight average molecular weight of less than 

10 about 1,800; 

10. Thepolyurethane-basedpressure-sensitiveadhesiveofclaiml.wheremthe 
first isocyanate-reactive material has a weight average molecular wdght of less than 



15 



about 1,600. 

1 1 . The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
first isocyanate-reactive material has a weight average molecUlar weight of less than 
about 1,000. 

20 12: The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
second isocyanate-reactive material has a wdght average molecular weight of greater 
than about 2,500. 

13 . . The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
second isocyanate-reactive material has a weight average molecular weight of greater 



25 



than about 3,000. 



14. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
second isocyanate-reactive material has a weight average molecular weight of greater 
30 than about 3,500. 
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15. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
second isocyanate-reactive material has a weight average molecular weight of greater 
than about 6,000. 

5 

16. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
weight average molecular weights of the &st and second isocyanate-reactive 
materials dif^ by at least about 500. 

10 17. The polyurethane-based pressure-sensitive adhesive of claim 1, wheran the 

weight average molecular weights of the first and second isocyanate-reactive 
materials differ by at least about 1,000. 

18. The polyurethane-based pressure^sensitive adhesive of claim 1, wherein the 
IS weight average molecular weights of the first and second isocyanate-reactive 

■ materials differ by at least about 1,500. 

19. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
weight average molecular weights of the first and second isocyanate-rfeactive 

20 materials differ by at least about 2,000. 

20. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 

weight average molecular weights of the first and second isocyanate-reactive 
materials difiPer by at least about 2,500. 
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21. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
second isocyanate-reactive material comprises a majority of the isocyanate-reactive 
material component based on total weight of the isocyanate-reactive material 
component. 
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22. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
first isocyanate-reactive material comprises.about 1 to about 40 percent by weight of 
the isocyanate-reactive material component and the second isocyanate-reactive 
material comprises about 60 to about 99 percent by wdght of the isocyanate-reactive 
material component. 

23. The polyurethane-based pressure-sensitive adhesive of claim 1, wherem the 
first isocyanate-reactive material comprises about 5 to about 25 percent by weight of 
the isocyanate-reactive material component and the second isocyanate-reactive 
material comprises about 75 to about 95 percent by weight of the isocyanate-reactive 
material component. 

24. The polyurethane-based pressure-sensitive adhesive of claim 1. wherein the 
isocyanate-fimctional component comprises a diisocyanate. 

25. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
reactive emulsifying compound comprises at least about O.50/0 by weight of the total 
reactants. 

20 26. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
isocyanate-reactive material component comprises less than about \0% by weight of 
polyols other than diols. 

27. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
25 isocyanate-reactive material component comprises less than about 5% by weight of 

polyols other than diols. 

28. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein the 
adhesive is prepared fi:om a poly(urethane-urea) dispersion.. 

30 
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29. The polyurethane-based pressure-sensitive adhesive of claim 1, wherein 
polyurethbie-based pressure-sensitive adhesive further comprises the reaction 
product of a chain extending agent. 



30. A substrate at least partiaUy coated with the polyurethane-based pressure- 
sensitive adhesive of claun 1. 



31. A tape comprising; 

a backing having a first and second side; and 

the pressure-sensitive adhesive of claim 1 coated on at least a portion of 
the first side of the backing and. optionaUy, on at least a portion of the second side of 
the backing: 



32. A »"ethodofpreparing a polyurethane-based pressure-sensitive adhesive 
15 comprising the Steps of: 

providing- an isocyanate-reactive component comprising at least two 
isqcyanate-reactive materials, a first isocyanate-reactiVe material having a weight 

average molecular weight of less than 2,000 and a second isocyanate-reactive 
material having a weight average molecular weight of 2,000 or more; 

providing an isocyanate-functional component; 
optionally providing a reactive emulsifying compound; 
aUowing the isocyanate-reactive component, the isocyanate-functional 
component, and the optional reactive emulsifying compound to react to fonn a 
polyurethane prepolymer; and 

chain extending the polyurethane prepolymer. 

33: The method of claim 32, further comprising the step of dispersing the 
polyurethane prepolymer in a dispersing medium. 



20 



30 34. 



The method of claim 33. further comprising the step of diying the 
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dispersing medium to form a coating of the polyurethane-based pressure-sensitive 
adheave. 

35 . A polyurethane-based pressure-sensitive adhesive dispersion comprising 

5 the reaction product of: 

an isocyanate-reactive component comprising at least two isocyanate- 

reactive materials, the at least two isocyanate-reactive materials comprising: 

a first isocyanate-reactive material having a weight average molecular . 

weight of less than 2,000, and 
l(j a second isocyanate-reactive material having a weight average 

molecular weight of 2,000 or more; 
an isbcyanate-fiinctional component; 
an optional reactive emulsifying compound; and 
an optional chain extending agent, 
15 wherein the reaction product is dispersed in a dispersing medium. 

36. A polyurethane-based pressure-sensitive adhesive solution comprising the 

reaction product of: 

an isocyanate-reactive component comprising at least two isobyanate- 
20 reactive materials, the at least two isocyanate-reactive materials comprising: 

a first isocyanate-reactive material having a weight average molecular 
weight of less than 2,000, and 

a second isocyanate-reactive material having a weight average 
molecular weight of 2,000 or more; 
25 an isocyanate-fimctional component; 

an optional reactive emulsifying compound; and 
an optional chain extending agent, 
wherein the reaction product is solvated in a solvating medium. 



30 37. 



A polyurethane-based adhesive comprising the reaction product of: 
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an isocyanate-reactive component comprising at least two isocyahate- 
reactive materials, the at least two isocyanate-reactive materials comprising: 

a first isocyanate-reactive material having a weight average molecular 
weight of greater than 400 to less than 2,000, and 
5 a second isocyanate-reactive material having a weight average 

molecular wdght of 2,000 or more; 
an isocyanate-functional component; 

an optional reactive emulsifying compound; and 
an optional chain extending agent. 

10 

38. A substrate at least partially coated with the polyurethane-based adhesive 
of claim 37. 
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